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FOREWORD 
This document w a s  developed a s  p a r t  of t h e  Integrated 
Programs f o r  Aerospace-Vehicle Design (IPAD) program documentation 
i n  accordance wlth contract NASl-14700- Other  c losely related 
IPAD documents (see f ig-1)  are: 
NASA CR 2982 Product Manufacture Interactions With the 
Design  Process (D6-IPAD-700 11-D) 
NASA CR 2983 Product Program Management Systems 
(D6-IPAD-70035-D) 
N A S A  C'R 2984 Integrated  lnrurmation  Processing 
Requirements (D6-IPAD-70012-D) 
NASA C R  2485 IPAD U s e r  Requirements (W-IPAD-70013-D) 
Special  acknowledgement is made of t he  a s s i s t ance  provided by 
the  fol lowing contr lbutors  t o  this document: 
These Boeing engineers contributed portions of the document: 
Gordon L- Anderton, Eugene Chang, Harold A- C r o w e l l ,  Jack M. 
Isenberg, Steven J. Joubert, Donald 0. Neilson, R o b e r t  K, 
Robinson, John W, Southall, Leonad L, Ste iner ,  and Irving R .  
Strauss  
The NASA Langley Resedrch Center Document Coordinator for 
t h i s  document w a s  Jarosldw Sobieski, 
Measurements included in this document w e r e  n o t  generated on 
t h e  IPAD program; therefore, they are shown here i n  U , S .  customary 
un i t s ,  A conversion t a b l e  (U, S .  t o  SI) is included i n  t h e  
appendix. 
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1-0 SUMMARY 
The IPAD t a sk  is t o  develop a computer-based technology which 
allows for  in tegra t ion  of a l l   a s p e c t s  of the design process 
(analysis ,  design,  tes t ing,  etc-) i n t o  a forceful engineering tool 
with interfaces to manufacturing computerized methods i n  order t o  
famrably impact aerospace vehicle performance, development cost, 
and f lowtime - 
The Reference Aerospace Design Process Definition given here 
is one of the  bui lding blocks tor constructing the IPAD program, 
others  being: "Product Manufacture Interactions with the Design 
Process Document- ( task 1.2, CR 2982), "Integrated Information 
Processing Requirements@' (task 1.3, CR 2984), Wser Requirementsm 
(task 1.4, CR 2985) , and "IPAD Requirements" Document ( task 1.6-2,  
D6-IPAD-70040-D), Figure 1 i l l u s t r a t e s  the re la t ionship  of t h i s  
document with other documents developed i n  task 1 of the IPAD 
contracts .  
A design is a desired arrangement of things and/or a c t i v i t i e s  
from a random source, The design process is a procedure for 
crea t ing  a design, where the  t a sk  is  defined (with its 
environment, r e s t r a i n t s ,  and freedoms) and the  bes t  so lu t ion  is 
developed during the time span available w i t h  m i n i m u m  task 
compromise. 
This IPAD Reference Design Process document def ines  a 
representation design process f r o m  the conception of an idea for a 
veh ic l e   un t i l  it has been completely defined and the  object b u i l t ,  
delivered, and used, including alterations d u r i n g  its service 
l i f e -  
The design process progression is segmented into nine 
a c t i v i t y  levels for visibility and convenience. ( S e e  f i g -  2.). 
In t h i s  document, three major subjects are covered: Design 
Management (section 4.0) , Design Support Requirements (section 
5 .0 )  and Detail Design Act ivi ty  (sect ion 6 - 0 )  - 
This  document, i n  accordance with task I i n  t h e  IPAD 
Statement of Work (1-15-4934a), updates t h e  IPAD F e a s i b i l i t y  Study 
and t h e  Design Process (D6-60181-2) and develops supplemental 
networks for detail /sustaining design- 
The d e t a i l  networks i l l u s t r a t e d  and described give evidence 
tha t   t he   des ign   ac t iv i ty  network for a system desiqn or a 
s t ruc ture  des ign  a re  genera l ly  the  s a m e ,  only t he  terms a r e  varied 
to r e f l e c t   t h e  subject concerned. 
REFERENCE  DESIGN PROCESS 
CR 2981 
PRODUCT  MANUFACTURE 
INTERACTIONS  WITH  THE 
DESIGN PROCESS 
CR 2982 
PRODUCT  PROGRAM 
MANAGEMENT  SYSTEMS 
CR 2983 
INTEGRATED  INFORMATION 
PROCESSING REQUIREMENTS 
CR 2984 
USER REQUIREMENTS 
CR 2985 
Figure 1.- Relationships of Task I Documents (Shaded Block Indicates  this  Document.) 
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Figure 2.- Activity Levels 
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2 -0  INTRODUCTION 
A modern aerospace vehicle is a complex in tegra t ion  of 
sophisticated technical systems manufactured t o  the  exact ing 
standards required for safety,  economy, and mission performance- 
The complexities of aerospace vehicles and the process of their 
design and manufacturing have continually increased w i t h  t i m e ,  
The design and manufacture of more advanced vehic les  i s  limited by 
the technology and methods avai lable  to  develop and manage the 
required analysis,  design, and manufacturing processes 
Tradi t iona l  l imi ted  d is t r ibu t ion  and automation i n  design 
constrain the technology t h a t  can be designed i n t o  advanced 
vehicles- Further,  the product ivi ty  l imitat ions of t r a d i t i o n a l  
methods r e s u l t   i n   a n   i n c r e a s e   i n  manpower required to  produce and 
manage the enormous volumes of necessary information. 
Applications of computer-based technology have brought about 
s ign i f i can t  improvements i n  engineering productivity- These 
improvements have only partially exploited the po ten t i a l  for 
computational efficiency and automated data .comunicat ion by 
focusing largely on isolated elements of t h e  vehicle design and 
manufacturing process. There remains t h e  need t o  provide for 
expansion and i n t e r f a c e  t o  a l l  aspects  of analysis,  design, 
t e s t i n g ,  and manufacturing in  order  t o  lower aerospace vehicle 
development cost and shorten development flowtime, 
The objective of the IPAD technical development is to  provide 
the foundation ingredients of a computer-based information 
processing system tuned t o  the aerospace design process needs t o  
serve a s  t h e  c e n t r a l  communication and calculation in tegra tor  for 
large numbers of designers conducting a broad range of design 
tasks over s igni f icant  per iods  of t i m e ,  
To t h i s  end, a descr ipt ion of the des ign  ac t iv i ty  is produced 
to  guide construct ion of an integrated design process, 
This  document, i n  accordance with t a s k  I, updates the IPAD 
Feasibi l i ty  Study Design Process (D6-60181-2) and develops 
supplemental  networks  for  detail/sustaining design. ( R e f e r  t o  
t a sk  I in t h e  IPAD Statement of Work 1-15-493411 and in Technical 
Plan-FiMl, D6-IPAD-70002-P .) 
The design process begins with the conception of a vehicle 
and continues throughout the production, delivery, use, and 
a l t e r a t b n  of t h e  end i t e m  during its service l ife.  The guidance, 
a s s i s t s ,  and restraints encountered during the design process are 
dealt w i t h  a s  the design develops through several levels of d e t a i l  
and a c t i v i t y  - 
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This document addresses the design process through three 
major divisions: design management (section 4 -0 )  , design support 
requirement (section 5.0)  and detai l  design netmrks (sect ion 
6 - 0 )  - 
A major and i n t e g r a l   p a r t  of design process is the management 
of t h e  d e s i g n  i t s e l f ,  Design process management (section 4-0) 
deals w i t h  t h e  activities management must addres s  i t s e l f  to: 
Engineering resource and schedule control 
Configuration management 
Design process management 
Drawing control  and re lease  
T e s t  and analys is  
Service support 
Product Configuration - technical and geometry 
Technical  Analysis - staff support of weights,  aerodynamics, 
loads,  stress, technology 
Computer A i d s  - computational, graphic, library 
Design In te l l igence  - guides, experience, standards 
The t h i r d  p a r t  of the design process is the  d e t a i l  design 
a c t i v i t y  i t s e l f  ( s e c t i o n  6-0). The design process is i l l u s t r a t e d  
f i r s t  as an  ac t iv i ty  network followed by a narrat ive descr ipt ion.  
The design process is divided into three basic  sect ions:  
continuing research, preliminary design, and product development, 
When describing these a reas  it is convenient t o  fur ther  d iv ide  t h e  
process   in to  levels of a c t i v i t y -  (See f i g -  2,) The first 
section, continuing research, consis ts  only of l e v e l  I. Research 
a c t i v i t i e s  of a long term nature continually provide new design 
procedures,  technical analyses capabili t ies,  and da ta  for  the  da ta  
base, The second section, preliminary design, is divided into four 
a c t i v i t y  levels: design criteria se lec t ion  (level 11) , design 
sizing (level 111) , design refinement (level IV) , and design 
ve r i f i ca t ion  (level V) .. 
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The th i rd  sec t ion ,  Product Development, is divided i n t o  four 
a c t i v i t y  levels: product de ta i l  des ign  (level V I )  , product 
manufacture (level =I) , product  ver i f icat ion (level V I I I )  , and 
product support  ( level I X )  , 
Product d e t a i l  design process (level V I )  described i n  
sec t ions  6 - 2 ,  6-3, and 6-4, is more minutely examined i n  section 
6.6 ( s t ruc tu ra l  de t a i l  des ign )  and section 6 - 7  (system detail  
design) . Section 6 - 5  exposes the mformation gathering process, 
which is i n  continual use throughout a l l  lewels o f ' t he  design 
process. 
A catalog of computer programs is described i n  sect ion 7 . 0 ,  
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i A f l  
A/p 
APU 
BCAC 
BCS 
BL 
CAD 
CAM 
c-g- 
C,M,C/M 
D I E  
DMR 
EAMR 
ECS 
FCS 
GAG 
IPAD 
IPC 
LM 
MGOS 
MPD 
OEW 
PD 
PI 
Aircraf t  
Airplane 
Auxiliary p o w e r  unit 
Boeing Commercial Airplane Company 
Boeing Computer Services 
Buttock line 
Computer-aided design 
Computer-aided manufacturing 
Center of grav i ty  
Computer, m a n ,  computer/man 
Document industr ia l  engineer ing 
Diagram manual report 
Engineering advanced material requirement 
Environmental control system 
F l igh t  control system 
Ground-air-ground 
Integrated Programs for Aerospace-Vehicle Design 
I l l u s t r a t e d  parts catalog 
L i s t  of materials 
Maintenance and ground operations system 
Maintenance planning data 
Operating weight empty 
Preliminary design 
Product ion  i l lus t ra t ion  
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PRR 
RFP 
RQSAS 
STA 
STFU 
TAT 
TPE 
T/W 
WBS 
WL 
w/s 
WT 
Production revis ion record 
R e q u e s t  for proposal 
Ride qua l i ty  s tab i l i ty  augmentation system 
Station 
Structural 
Total a i r  temperature 
Technical program element 
Thrust/weight 
Work breakdown structure 
Water l i n e  
Weight/span 
Wind tunnel 
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4-0 DESIGN PROCESS M A N A G E "  
This section contains representative management plans,  
controls, and operating procedures necessary t o  perform the  des ign  
process, These are intended as guides to  promote consistency and, 
thus, eff ic iency in the   des ign   e f fo r t  and may be t a i l o r e d  to s u i t  
a par t icu lar  program, Management should give special  a t tent ion to  
procedures t o  accomplish such i t e m s  as: 
Ear ly  ident i f ica t ion  and prompt resolut ion of technical 
p roblems 
Scheduling and cont ro l  of project /s taff  development 
milestones 
Design budget control  
Product cost t a r g e t s  
Management policy 
S t a t e  and Federal l a w s  
Contracts  [customer,  subcontractor) 
4 .1  ENGINEERING RESOURCE AND SCHEDULE CONTROL 
4 -1 - 1 WORK BREAKDOWN STRUCTURE ( W S )  
A m r k  breakdown s t ruc tu re  i s  a product-oriented fami ly  t r e e  
r e l a t ed  t o  hardware, software, services, and other deliverables 
that completely define a program. 
The work breakdown s t ruc tu re  (see document D6-IPAD-70035D, 
Product Program Management System) is a management tool, s t a r t i n g  
in engineering and encompassing a l l  program discipl ines ,  including 
engineering operations, business management, customer 
requirements, etc. 
The WBS is used to  p lan ,  cont ro l  and report:  
Budgets - Iden t i f i ed  on program control  matrix by 
organization, WBS e lemen t ,  and s ign i f i can t  
work order 
costs - Charged, collected,  and reported through a 
charge number s t r u c t u r e d   t o   t h e   s i g n i f i c a n t  
WBS code 
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Schedules - By WBS element and code number 
Technical - Tracked and reported by organization, 
Performance WBS element, and WBS code 
4.1.2 ENGINEERING INTEGRATED SCHEDULE AND CRITICAL PROBLEM 
RESOLUTION 
4 -1.2-1 Enqineerinq Inteqrated Schedule Plan 
The purpose of t h i s   p l a n  is t o   i n t e g r a t e   a l l   e f f o r t   i n t o  a 
comprehensive master scheduling tramework which will ident i fy:  
S t a r t  and f i n i s h  of development tests 
Key design milestones for tracking design progress against  
any desired reference (e.g,, budget expenditures, 
S t a r t  and s top  of design t a s k s  for t imely  ident i f ica t ion  of 
manning acquis i t ion and off-load 
4-1.2.2 C r i t i c a l  Problem Resolution  Plan 
This plan is intended t o  sys temat ica l ly  ident i fy  and resolve 
unanticipated problems as they occur a s  w e l l  a s  high r i s k  
problems. I t  can be expected that the bulk of design problems 
w i l l  be resolved routinely through studies ,  tests, etc-, as t h e  
program evolves. I n  c e r t a i n  cases, however, unanticipated 
problems will be i den t i f i ed  whch are deemed critical to  the 
program because of risk o x  technical performance degradation, 
schedule slide, or cost overrun. High-risk problems are  those  
which might present themselves i f  new concepts or processes were 
employed.. Both kinds of problems  (unanticipated and high-risk) 
will be s ingled  out  for  spec ia l  a t ten t ion ,  
4 , I .  3 RELEASE SCHEDULE MANAGEMENT PLAN 
The purpose of this plan is to implement methods of 
e s t a b l i s h i n g   r e a l i s t i c   d a t e s  for basic engineering releases and 
for ear ly,  systematic  ident i f icat ion of potential  schedule 
problems. 
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4 1-4 BUDGET ALLOCATION AND CONTROL PLAN 
This plan is t o  e s t a b l i s h  a task budget and its a l loca t ions  
and tracking and control methods, w h i c h  w i l l  encourage performance 
w i t h i n  these budgets. The plan should include procedures for: 
Project  and s taff  budget  a l locat ion 
Test budget allocation 
Mockup budget a l loca t ion  
Budget reporting and control 
4.1-5 ENGINEERING FACILITIES, EQUIPMENT, ADMINISTRATIVE SERVICES 
SUPPORT PLAN 
Efficient planning for  expansion and contraction of a pro jec t  
s i z e  and work a rea ,  p lus  t imely  ava i lab i l i ty  of in-process 
f a c i l i t i e s ,  equipment, and services, a r e  key influences i n  meeting 
the design budget forecasts.  
4 -1  -6 ENGINEERING MANNING PLAN 
Plans for a systematic manning acquis i t ion and off-load by 
design skills and labor grades are key t o  ef f ic ien t  des ign  
performance within established budgets, 
4-2 CONFIGURATION MANAGEMENT 
4.2.1 TECHNICAL CONTROL DOCUMENTATION 
T h i s  documentation serves as  the technical coordination 
medium to keep a l l  affected engineering, operations,  materiel ,  
f inance,  and program management organizations abreast  of the 
requirements and current configuration, It  also provides a 
basel ine for design trades and assures configuration design 
control. 
4 -2.2 DESIGN REVIEW PLAN 
This plan is  t o  assure management t h a t  t h e  following 
requirements are accomplished on schedule during the development 
and design of the product:  
The design is meeting or is expected to meet requirements, 
including cost, and design objectives are being considered- 
P r io r  designs, service experience, m e t h o d  of analys is  and 
test r e s u l t s  have been considered- 
Technical deficiencies are promptly identified for t ime ly  
resolut ion 
4-2-3 TRADE STUDY PLAN 
A number of s ignif icant  configurat ion issues  requir ing design 
decisions remain unresolved a t  go-ahead, Most of these  issues 
w i l l  r equi re  t rade  s tudies  i n  s o m e  form permitt ing analysis of 
alternative approaches and arrival a t  a balanced dec is ion-  
Fa i lure  t o  r e t a i n  trade study data can result  in repeated 
restudy of the same i t e m  when configuration features a r e  
questioned a t  various levels of management, I n  most cases, the 
t rade s tudy data  will va l ida t e  t h e  approach w i t h  little o r  no 
addi t ional  work. The need for  reference t o  earlier t rade  s tudies  
is pa r t i cu la r ly  critical during the t r a n s i t i o n  from preliminary 
design to  detail  design. Therefore, care m u s t  be taken t o  ensure 
recording and re ten t ion  of s ign i f i can t  trade study data a s  
d i f fe ren t ia ted  from everyday decisions- 
Engineering change control and processing  pr ior  t o  d e t a i l  
design release may be accomplished through the use of a design 
memorandum issued by engineering management t o  authorize and 
d i r e c t  a design project t o  take act ion on one or more of the 
foilowing steps, as appropriate:  
Coordinate and process changes t o  t h e  configuration 
descr ipt ion document - 
Coordinate and process changes t o  the design requirements, 
c r i t e r i a ,  and object ives  document. 
R e c o r d  changes in  a i rplane performance character is t ics  
document 
Ident i fy  s ignif icant  design decis ions or changes (e-go, 
s ign i f i can t  changes in  materials o r  process specifications,  
control  actuat ion rates, or design modifications attr ibuted 
t o  design reviews) whether or not recorded technical 
def in i t ion  da ta  is affected.  
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4 -3  DESIGN MANAGEMENT 
This plan defines  the ground rules and management/procedural 
techniques employed to mntrol mockup costs and ind ica tes  the 
general magnitude of the planned mockup program, The plan, which 
is used only for i n i t i a l  p l a n n i n g  and budgeting, must be 
cons is ten t  w i t h  the budget allocation, Subsequent planning is 
re f l ec t ed  in a mockup descr ip t ion  document maintained i n i t i a l l y  by 
the  configuration  group, 
4.3 -2 HARDWARE D E S I G N  COST CONTROL 
Since up t o  8 0 %  of a program cost is committed before t h e  
f i r s t   d e t a i l  drawing release, it is necessary to e s t a b l i s h  
procedures t o  : 
Assure development of a l o w  cost design 
Establ ish a format for conducting trade studies 
Establ ish a c red ib le  cost target ing est imat ing,  and tracking 
system 
T h i s  plan describes the weight policies, object ives ,  
procedures, and r e s p o n s i b i l i t i e s  to be followed during the design 
and fabrication of the product. It defines current weight,  
objective weight, and target weight- It  provides for guidelines 
t o  be used i n  making oost versus weight trade decisions on t h e  
program. 
4 -3 -4 DESIGN WORK PACKAGE 
This plan defines the procedures necessary t o  segregate the 
t o t a l  hardware product i n t o   d i s c r e t e  WBS-oriented design work 
packages-  These work packages w i l l  def ine  the hardware, schedule, 
and c&tical  events ,  and w i l l  e s t ab l i sh  manhour t a r g e t  and 
material costs, Their purpose is t o  provide basic information for 
the design,  development,  and  manufacturing of the product- Each 
package w i l l  be used a s   t h e  prime tool for: 
Developing the  complete component (element design) 
Ident i fying potent ia l  product  improvements including cost 
reduction 
An up-to-date design description 
V i s i b i l i t y  of concept t o  encourage product improvement 
suggestions from t h e   t o t a l  Company wealth of innovators n o t  
d i r e c t l y  concerned with the component work package 
Establishing and tracking hardware cost targets 
Providing up-to-date design r e v i e w  da ta  
Verif icat ion of compliance w i t h  design requirements and 
targets  (cost ,  weight ,  maintainabi l i ty ,  re l iabi l i ty)  for  each 
component design approach before detai l  design layout  and 
drawing preparation manpower buildup 
4 -3 -5 AERODYNAMIC CY)NFIGURATION/GEOMETRIC DEFINITION/NUMERICAL 
CONTROL COORDINATION PROCEDU- 
The purpose of t h i s  procedure is to: 
Define the scope and coordinating policy for the loft 
defini t ion process  
Establish the procedure for ident i fying aerodynamic 
shapes used i n  performance/cost trades 
Outline t h e  procedure tor establ ishing reference planes 
t h a t  can be used throughout the development, design, and 
fabricat ion cycle ,  thus reducing the need for 
transposing geometric and NC data  as the design and 
fabricat ion progresses  
Define the appl icat ion of geometric definit ion and 
numerical  control (NC) support 
4.3-6 E;NGINEEFtING/MANUFACTURING TOOLING COORDINATION PROCEDURE 
T h i s  procedure is intended to: 
Provide a coordinating vehicle between engineering 
design and tool engineering and assure consideration of 
tool ing requirements  ear ly  in  the design process  
Ident i fy  critical part surfaces  OR engineering drawings 
Minimize the quant i ty  and complexity of tools required 
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Assure minimum impact on tools a f t e r   t o o l   f a b r i c a t i o n  
s t a r t  due t o  growth and/or resizing of structural 
m e m b e r s  
Set later manufacturing demand dates for drawing/data 
release 
This plan is t o  def ine  slot, gap, hole, and protrusion 
allowables t o  assure consistency ; ~ n  design approach between design 
groups and to  permit the maximum possible allowables for low cost 
but  consis tent  w i t h  minimum high speed performance requirements, 
4-3-8 SAFETY PLAN 
This plan establ ishes  the program activities required to 
assess  the f l i g h t  s a f e t y  of the a i rp lane ,  The safety assessment 
es tab l i shes  the  level of confidence such that the contractor  is 
assured that the a i rp lane  can be re leased  as  safe for f l i g h t  in 
accordance with the standards applied on cur ren t  a i rp lane  
programs - 
4 -3-9 PRODUCT  ASSURANCE PLAN 
Product  assurance includes rel iabi l i ty ,  maintainabi l i ty ,  and 
service support data, 
This plan establishes procedures that will assist pro jec t  
design groups i n  designing an a i rp lane  tha t :  
H a s  a bas ic   des ign   tha t  w i l l  allow straightforward 
engineering design development and evolu t ion  in to  a simple, 
easi ly  maintained,  re l iable  a i rplane 
H a s  t h e   r e l i a b i l i t y  and malnta inabi l i ty  t o  meet f l i g h t  
schedules without undue problems and delays  in  i ts  mission 
environment 
Avoids potential mal-maintenance, hazard-causing potentials 
("Murphies') i n  areas of new design 
Avoids requirements  for  special  cost ly  ground support  
equipment o r  s k i l l s  t o  customer 
4 -3.30 ENGINE MANAGEMENT PLAN 
The purpose of the engine management plan is t o  monitor and 
control the engine acquisition, engineering development, 
i n s t a l l a t i o n ,  and test to  ensure that t h e  propulsion system w i l l  
meet t h e  performance, cost, and schedule requirements of the 
program. 
Crit ical  areas.  are those containing a number of critical 
design elements and systems w h o s e  i n t e rac t ion  requires careful  
control  t o  assure proper performance of a l l  systems. 
The in tegra t ion  of a l l  systems i n  congested areas w i l l  
require desiqn rigor equ iva len t  t o  the detail design of any other  
major a i r c r a f t  subsystem, Particular emphasis w i l l  be placed on: 
Space a l loca t ion  and p r i o r i t y  to various systems 
Routing 
A c c e s s  for  inspect ion and maintenance 
Mutual protect ion of systems from each other 
Protection against  damage from external  means 
Precaut ions against  fa i lure  progression 
4.3.12 STANDARD PARTS, MATERIALS, AND PROCliSSES CONTROL PLAN 
Ins t ruc t ion  and criteria m u s t  be provided to  designers t o  
ensure that the design of the  a i rp lane  and its components 
incorporates adequate protection against corrosion and wear for 
trouble-free service, Special  a t tent ion should be given t o  
achieving minimum cost. 
4-3-13 CORROSION PREVENTION AND CONTROL PLAN 
The purpose of corrosion protection and control plan is to  
assure t h a t  the l i f e ,  s a f e t y ,  and function of a vehicle  does not 
deter iora te  from corrosion, Emphasis should be p l a a d  on: 
Protective coatings,  types,  uses, appl icat ion 
I so la t ion  of d i s s imi l a r  metals 
Design guides for proper environmental protection, seals, 
drainage, etc . 
Continuing research f o r  improved coating and p l a t ings  
Continuing search for corrosion sources and po ten t i a l  sources 
4 -3- 14 LUBRICATION CONTROL PLAN 
The purpose of t h e   l u b r i c a t i o n  control plan is t o  assure 
tha t :  
The lub r i ca t ion  method and accessibility requirements are 
resolved by the  des ign  
The types of lub r i ca t ion  f i t t i ngs  a re  s t anda rd ized  
This information is collected for  issuance of consolidated 
maintenance in s t ruc t ions  
4 -3.15 NOISE CONTROL PLAN 
Airplane i n t e r i o r  sound levels are an important consideration 
i n  achieving an acceptable airplane. Therefore, it is  necessary 
to provide  in te r ior  sound levels for t he  a i rp l ane  that w i l l  
demonstrate that  the f l i g h t  crew and passengers w i l l  no t  be 
subjected t o  excessive noise levels throughout the fl ight 
envelope, I t  is also important t o  def ine the s t ruc tu ra l  no i se  
environment r e su l t i ng  f r o m  t h e  engine exhaust upon the wing, 
f l aps ,  and body so t h a t  the s t ruc tu re  can be designed to  have 
adequate l i fe-  
4 -3-16 ELECTRO-MAGNETIC COMPATIBILITY PLAN 
The prime objec t ive  of the electro-magnetic compatibility 
(EMC) plan is t o  ensure  tha t  the  a i rp lane  m e e t s  t he  requirements 
of customer spec i f ica t ions  and cur ren t  MIC and FaA regulations.  
The secondary objective is to accomplish compatibi l i ty  at 
minimum program cost and airplane weight, 
4 -3.13 PURCHASED EQUIPMENT PROCUREMENT CONTROL PLAN 
The purpose of t h i s  p l a n  is to assure that :  
A consistent approach t o  equipnent designation and 
release f o r  procurement is used by a l l  design groups 
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The proper equipment support is negotiated through joint 
Engineering and Materiel e f f o r t s  as par t  of the purchase 
order 
F l e x i b i l i t y  is maintained t o  support  program cost 
objectives by: 
Avoiding firm se lec t ion  of hardware until a cost 
posi t ion is established 
Iden t i f i ca t ion  of po ten t i a l  a l t e rna te  sou rces  for 
i d e n t i c a l  or similar items 
4-3-18 L I A I S O N  PLAN 
Engineer ing Liaison act ivi t ies  w i l l  focus on: 
Assisting manufacturing i n  the implementation of 
engineer ing specif icat ion and drawing requirements  
Keeping the design project  organizat ions informed of 
opera t ions  ac t iv i t i e s  a f fec t ing ,  or poten t ia l ly  
affecting, engineering functions so t h a t  problems can be 
t rea ted  wi th  a systematic, planned approach 
4,3,19 INVENTIONS AND PATENTS PLAN 
The purpose of t h i s  plan is t o  ident i fy ,  p ro tec t ,  and explo i t  
inventions and other propr ie ta ry  r igh ts  emerging from design and 
development a c t i v i t i e s -  E a r l y  i den t i f i ca t ion  to  management of new 
configuratlons,  designs or ideas t h a t  may be patentable or may 
in f r inge  on ex is t ing  pa ten ts  is important for the following 
reasons : 
I f  the idea is indeed a new one, patent proceedings should 
begin as soon as possible, before others become a w a r e  of t h e  
idea, so tha t  the  company w i l l  be f r e e  to use the invention 
on i t s  own products without encumbrance, 
Both the  inventor  and the company may prof i t  monetar i ly  when 
the patent  is marketable outside the campany- I f  the 
invention is developed while  the inventor  i s  working under 
Government contract funding, the Governanent has a royalty- 
free l icense  to  use  the invention, but non-Government use 
could still generate royalty income to t h e  inventor and the 
company - 
The patent  search w i l l  reveal any exis t ing patents ,  If t h e  
designer  ant ic ipates  using a design that  may inf r inge  on an 
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exis t ing  pa ten t ,  the  company is i n  a better posi t ion to  
bargain for a reasonable royalty fee ear ly  before  the feature  
becomes "locked i n  ," 
4 - 3 -20 SUBCONTRACTOR/ASSOCIATE  CONTRACrOR MANAGEMENT PLAN 
When a subcontractor or associate contractor is involved it 
is necessary  to  develop a management plan to coordinate control 
and monitor the a c t i v i t i e s  of t ha t  f ac i l i t y . .  
The management plan covers such items and/or activities as: 
design approval,  design decision, release change control,  geometry 
def ini t ion,  design cr i ter ia  (mater ia l  a l lowables ,  s tandards,  
processes, design methods), weight control, liaison function, 
interface  control ,  and cost control  - 
4.4 DRAWINGDATA CONTROL AND RELEASE PLAN 
This plan is intended t o  provide for the m o s t  economical 
preparation and efficient use of engineering d r a w i n g s  and data.  
The procedures should include: 
Prepara t ion   ins t ruc t ions  
Numbering system (WBS-oriented) 
Quantity forecasts 
Release 
Securi ty  
Change iden t i f i ca t ion  
4-5 TEST AND ANALYSIS PLAN 
The purpose of t h i s  plan is t o  e s t ab l i sh  ground rules for 
authorization and control  of  tes t ing,  which is of four types, 
which a re  : 
Developmental t es t ing  ( inc ludes  wind tunnel and laboratory 
t e s t ing )  
Ground testing (includes checkout and ver i f i ca t ion  tests on 
t he  fu l l - s ca l e  assembled airplane) 
F l igh t  testing 
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Functional testing 
4.6 SEHVICE SUPPORT PLAN 
The purpose of this plan is  to establ i sh  procedures depicting 
the company support t o  the customer- The plan should include: 
Training 
Technical services 
Field service support 
Manuals/manual maintenance 
Spare parts 
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5 .O GENERAL-PURPOSE SUPPORT REQUIREMENTs 
The design process is supported and guided by the  da ta  and 
d i rec t ion  set f o r t h  i n  t h i s  sect ion-  The product configuration 
(sec. 5,1) is cont ro l led  spec i f ica l ly  by technica l  def in i t ions  
(performance and function) and geometry def ini t ions.  Data 
required for the design (technical analysis) ,  such as stress, 
loads,  aerodynamics, weights and material technology, are 
described i n  s e c t i o n  5.2,  Computer a ids  t o  t h e  design process 
(conceptual design, configuration design and detail design) are 
shorn i n  s ec t ion  5.3, 
The design intel l igence sect ion (sec- 5-41 lists the 
knowledge or awareness tha t  enables  the des igner  to  invent  the  
most ef f ic ien t  des ign  for t h e   s t a t e  of t h e  art a t  each point in 
t i m e  - 
5 - 1  PRODUCT CONFIGURATION COITtTOL 
It is estimated that  m o r e  than 213 of a des ign  engineeras  
time is used i n  gathering data to perform the design task, This 
section descr ibes  the categories  of t h e  da t a  required.. The data 
i s  arranged in t w o  categories ,  a technical description and a 
physical description of the vehicle- Section 5 - 1 . 1  Product 
Technical  Defini t ion,  descr ibes  typical  technical  data  required by 
the  des igner -  These include topics such as function, purpose, 
cost, weight, materials, l i fe ,  etc. Section 5 .1 -2, Geometry 
Definit ion,  describes the physical requirements of the design and 
how they a re   def ined-  
5-1.1 PRODUCT TECHNICAL DEFXNITION 
A key portion of a to ta l  program plan is the product 
technical definit ion,  because it w i l l  be used a s  a basis fo r  
design and f o r  other parts of the program plan, including such 
items as management, resources, manufacturing, and pr ic ing-  
Therefore, it is requ i r ed  tha t  certain information be developed 
and documented pr ior  t o  a go-ahead and t h a t  such information be 
updated and maintained throughout the production program. The 
documents must contain suff lc ient  narrat ive,  engineer ing graphs,  
drawings, and da ta  t o  be comprehensible t o  users, The documents 
described i n  the following paragraphs list subjec ts  tha t  are t o  be 
considered i n  connection w i t h  each and w i l l  ensure that each 
subject is covered adequately- A typical  product  technical  
def ini t ion process  is shown i n  f i g u r e  3. 
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Figure 3.- Product Technical Definition Process 
5 -1  -1 ,? D e s i q n  Requirements and Objectives Document 
This  document i d e n t i f i e s  the documented q u a l i t a t i v e  and 
quantitative requirements and objectives t o  be s a t i s f i e d   i n  the 
design of the product and its h a r d w a r e  subelements- !L%e design 
requirements are imposed by t h e  customer, by Governmental 
regulations,  or by company engineering design criteria or 
standards w h i c h  should not be subs t an t i a l ly  exceeded without 
proper approval, The design objectives represent items for which 
a greater  than m i n i m u m  acceptab i l i ty  is desired. The designer 
should strive t o  achieve t h i s  standard to t h e  degree of technical 
feas ib i l i ty   wi thout  compromising achievement of the  design 
requirements and product cost objectives. Design objectives cover 
a l l  mission and operation requirements; design disciplines; design 
standards and c r i t e r i a :  and technology, product assurance, 
producibi l i ty ,  and performance requirements- The subjec ts  t o  be 
covered i n  t h i s  document are: 
General objectives 
Performance 
Structures  and weights 
Payload systems 
Cost and economics 
General subsystems 
Operational requirements: 
Airplane Safety 
Handling Character is t ics  
System Environment 
Maintainabili ty 
Reliability 
Uti l iza t ion  
Noise 
Airport  compatibil i ty 
Growth and der ivat ives  
Design Requirements 
General 
Aerodynamics 
S t ruc tura l  
Systems 
5 - 7.1.2 Conf iquration  Definit ion Document 
The configuration definition represents documentation of t h e  
baseline configuration (s) selected by comparative evaluation of 
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al ternat ive designs a t   t h e  end of the conceptual development 
phase. It is  updated throughout the subsequent design process as 
necessary to  accu ra t e ly   r e f l ec t  a summary de f in i t i on  of the 
product. It includes configurat ion descr ipt ions of  the basel ine 
airplane,  the system level design Eequirements and objectives,  and 
t h e  customer mission requirements defined for hardware elements 
t y p i c a l  of l e v e l s  2 o r  3 of the  work breakdown s t ruc tu re  (e-g-, 
overall airplane, airframe, airframe system, propulsion system, 
payload system) - The s p e c i f i c  level of detail  contained i n  the 
"System level' product  technical  def ini t ion for any par t icular  WBS 
hardware element w i l l  depend on the   spec i f i c   na tu re  of the product 
and t h e  proqram involved, However, it must be defined in  
s u f f i c i e n t   d e t a i l   t o   s e r v e  a s  an adequate foundation for  a l l  of 
t h e  related program planning, cost  estimates, r i s k  analyses,  data 
requirements, and resource planning required for authorization of 
a preliminary design phase program, The subjects  t o  be covered i n  
t h i s  document are:  
General 
Configuration technical definit ion 
Weight and balance 
Ground handl ing character is t ics  
Structures  and materials 
F l ight  deck accommodations 
Propulsion, fuel,  and accessory drive and 
s tar t ing systems 
Fire detection and extinguishing systems 
Hydraulic power system 
Flight control system 
E lec t r i ca l  subsystem 
Electronics system 
Environmental control system 
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Passenger and cargo compartment system 
Ground support equipment 
5.1.1-3 Technical Achievement S ta tus  Document 
Technical performance measurements are desired to  provide 
s t a t u s   a s  to  how w e l l  t h e  program is meeting the technical 
performance requirements established i n  the configuration 
de f in i t i on  document- Technical problems requiring management 
a t ten t ion  are ident i f ied .  The subjects  to be covered in this 
document are: 
Range a t  f u l l  payload 
Payload a t  design range 
Maximum gross weight 
Operating weight empty 
Take-of f d is tance (max, gross weight) 
Take-of  f nose limits 
I n i t i a l   c r u i s e   a l t i t u d e  
Direct operating costs (design range) 
Approach noise 
Approach speed (-x, landing weight) 
Landing dis tance 
Dispatch re l iab i l i ty  
Fatigue l i fe  
Seating capacity 
Cargo volume 
Speed 
Airplane dimensions 
C ,G. balance 
Fuel capacity 
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Engine performance 
Fuselage pressurization 
5 - 1-1 -4 Standard Model Specif icat ion Document 
The standard model spec l f ica t ion  (commercial a i r c r a f t )  
def ines  a basic  configurat ion for  pr ic ing and sa l e s  o f f e r s ,  It is 
t h e  basis f o r  development of each custOmer.s de t a i l  spec i f i ca t ion ,  
Product ion design act ivi t ies  include both those required t o  
develop the standard configuration of the a i rp lane  and those 
needed to  develop customer variations negotiated t o  comprise each 
customerDs configuration. These a c t i v i t i e s  o v e r l a p  and a f f e c t  
each other as commitments are made t o  new customers for unique 
f e a t u r e s   a t  the  same time as t he  first configuration is developed 
and c e r t i f i e d .  Subject matter i n  this document includes: 
A i r p l a n e  general  descr ipt ion 
General requirements 
Character is t ics  
Structure  
Power p lan t  
Instrument and control panels 
Surface c o n t r o l  system 
Hydraulic system 
Electrical system 
R a d i o  and e lec t ronics  
Furnishings 
Cabin pressurizat ion and air-conditioning 
Ice elimination and detogging 
Special  equipment 
Standard parts and interchangeabili ty 
Maintenance and inspection 
5,1,1-5 Test and Test Data Document 
The purpose of this documect is t o  a s s u r e   t h a t   a l l  program 
t e s t i n g  to  be conducted and a l l  resources expended a re  in proper 
balance i n  terms of test requirements, schedule requirements, 
program r i sk  eva lua t ions ,  and allocated budgets. It i s  the 
control  vehicle  t o  assure compliance w i t h  product technical  
requirements, The subjects  include but  need not be l imi t ed  to:  
Program Summary 
Pre-go-ahead t e s t i n g  
Research programs 
Development t e s t i n g  
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Qual i f i ca t ion  
Cer t i f i ca t ion  
T e s t  requirements 
Analysis 
Customer 
Cer t i f i ca t ion  
Boeing technology staff 
Boeing des ign   qua l i f ica t ion  
One-page t e s t  plans 
Aerodynamic tests 
Lowspeed performance 
High-speed performance 
Buffet boundary; stall cha rac t e r i s t i c s  
Aero la s t i c   e f f ec t s  
Longitudinal control;  hinge moments 
La te ra l /d i r ec t iona l  s t ab i l i t y  
Lateral /direct ional  control ;  hinge moments 
F l u t t e r  
Pressure dis t r ibut ion and loads 
I n l e t  development 
Exhaust/thrust reverser development 
Fuel vent and dump systems development 
Engine performance 
5 .. 1 - 1 - 6  Mission  Requirements Document 
Mission requirements are the r o u t e  t h a t  an a i rp lane  must f l y  
equated t o  nau t i ca l  miles and the  rules t h a t  govern how the   rou te  
s h a l l  be flown. These inc lude  ru les  for ground  and a i r  
maneuvers, f i e ld  l eng th  and  a l t i t udes ,  a i rpo r t  and c ru i se  
temperatures,  fuel reserves, and operating allowances for route 
winds. Total mission requirements represent t he  aggregate of 
these requirements for  the t o t a l  r o u t e  s t r u c t u r e  of an a i r l i n e  and 
the aggregate  of a l l  a i r l i n e s  and route  structures considered i n  
the market analysis and/or sales fo recas t -  Document content 
includes: 
Market 
Factors influencing market potential  
T ra f f i c  characteristics of f l i g h t s  between 
c i t y   p a i r s  
Phys ica l  charac te r i s t ics  of airports 
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I .".""_. . ,, 
Competition factors 
Competition among manufacturers 
Competition among t h e   v a r i o u s   a i r l i n e s  
Competition between a i r  travel and surface travel 
Government regulat ions and r e s t r i c t i o n s  - 
nat ional / internat ional  
S t ra teg ies  
Major cha rac t e r i s t i c s  
Timing of product 
Air l ines  economics 
Commonality concept 
Technological consideration 
P resen t  s t a t e  of the art 
Anticipated advar-ce in state of the  art 
Present and ant ic ipated Government requirements 
Design envelope 
Range 
Paylo ad 
Operating costs 
Other  l imitat ions 
Tolerances on parameters and effects of 
var ia t ion  from goals on ant ic ipated sales 
5-1-2  (XOMETRIC D E F I N I T I O N  
The geometr ic  def ini t ion for  IPAD is  e s s e n t i a l l y  a master 
mathematical definition developed for both the external  surfaces  
and t h e  i n t e r i o r  components, It is the standard geometry 
de f in i t i on  system to s a t i s f y  needs of a l l  func t iona l  groups  from 
concept through engineering design and through the manufacturing 
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of product. The basic requirements for the planning and 
development of such a common geometric systan is given i n  the next 
paragraph. 
5 - 1-2 1 Basic Requirements 
The geometric system is a standard s y s t e m  tha t  is commonly 
recognized and used and whose basic coordinate system can be 
transformed and r ead i ly  related to an auxi l iary coordinate 
system or vice versa, 
The geometric system uses a single, right-hand Cartesian 
reference coordinate system established by t h e  projeck design 
engineering, The ax i s  is iden t i f i ed  as X, Y, 2, The 
funct ional  label  and t h e  positive d i rec t ion  of these axes are 
s h a m  i n  figure 4, 
Figure 4. -. Reference Coordinate System 
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The coordinate  or igin of the system basically uses t h e  body 
coordinate system established by design engineering- The defaul t  
values (arbitrary value providing for vehicle growth) of the 
system are: 
Functional Axis Default 
Coordinate Label Direction Reference Value 
x Station  Longitudinal  Sta 0 200 in ,  fwd. 
of nose 
Y Buttock 
L i n e  Horizontal BL 0 Airplane 
center l ine  
2 Water 
Line 
Ver t ica l  W L O  200 i n ,  below 
(subsonic) 
400 in, below 
(supersonic) 
- 
The geometric system uses a unique and plain English language 
and is operable im an interactive, conversational mode. It allows 
the geometric surfaces to be retrieved, modified,  or extracted on 
display.  The geometric sys tem is able to  describe a l l  r e a l  
ex terna l  and i n t e r n a l  airframe surfaces i n  t w o  or more selected 
levels of accuracy chosen by the engineers t o  best suit their 
needs. 
The geometric system is capable of in te r fac ing  the required 
engineering processes in an aircraft design system to  determine 
the kinematic motion or elastic deformation of the defined 
geometries. The following are the examples: 
W i n g  j i g  geometry to f l i g h t  geometry 
Flap stowed posi t ion to extended pos i t i on  
Landing gear  re t rac ted  pos i t ion  t o  extended position 
The input data uses a simple format, such a s  point, l i n e ,  
curve, angle degree, etc-,  to produce a unique  mathematic 
de f in i t i on  - 
The geometric definit ions defined through t h i s  system are 
controlled and stored in the data base and can be accessed and 
processed through a release mechanism under an  exclusively 
established data management system, The stored data  can be 
re leased in  a form t h a t  is required by manufacturing fo r  their 
ready  usage - 
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The coordinate s y s t e m  f o r  each main component of the aircraft 
is arranged to best  suit the design and manufacture of t h a t  area, 
The body coordinate s y s t e m  generally uses the established 
reference coordinate system- 
The wing coordinate system is developed using the rear spar 
plane a d  wing chord plane intersection as a base, wing s t a t i o n s  
being normal to  the r ea r  spa r -  Wing s t a t i o n  0 is located a t  t h e  
in te rsec t ion  of the leading edge and body buttock plane 0 .  Body- 
wing coordinate transformation formulas are developed t o  
f a c i l i t a t e   t r a n s i t i o n  between the t w o -  
A coordinate system for the wing leading edge and t r a i l i n g  
edge areas is selected for convenience and transformation formulas 
are used for coordination between these systems and the w i n g  
coordinate  system. Empennage coordinates f f i n  and s t a b i l i z e r )  are 
arranged i n  the same way a s  w i n g  coordinates- The coordinate 
systems for body and wing a r e  shown i n  figure 5 -  
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t r  
(a) Body Coordinate System 
(b) Wing Coordinate System 
Figure 5.- Component Reference Coordinate Systems 
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5-1.2-2 Conceptual Desiqn Geometry Definit ion 
The a i rp lane  geometry is defined i n  three-dimensional 
surfaces  to generate three-view drawings: s i z e  body, wing, 
empennage, and engines; and locate wing, landing gear, and 
empennage, Al of this must be accomplished to a d e t a i l  l e v e l  
t h a t  is commensurable t o  the broader accuracy used a t  the 
conceptual design stage f o r   t h e  number of iterations involved and 
the ecommical operation of the computer- 
An example of conceptual design geometry definition is shown 
i n  table 1. 
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Table 1. -General Geometry  Definition 
INPUT 
DATA 
INPUT 
FORMS 
BODY 
WING 
~~ 
CENTERLINE  DIAGRAM 
CROWN 
KEEL 
MAX.  HALFBREADTH  CONTOUR 
CROSS- 
SECTION 
LINE - USING  POINTS 
PLANFORM 
MAX.  THICKNESS 
LOCATION, 
MAX.  THICKNESS 
LEADING EDGE RADIUS 
MATHEMATICAL  PRINTOUT  -SURFACE  DEFINITION 
TRAIL.  EDGE 
CLOSURE  ANGLE 
CURVE (E.G., CUBIC,  QUINTIC) - USING  POINTS 
POINT  OF  CENTER 
RAD I US 
~ 
CENTERLINE  DIAGRAM 
OUTSIDE  MOLD  LINE  AND  PLANFORM  DATA 
.~ 
I 
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5,1-2..3 Preliminary Desiqn Geometry Definit ion 
During preliminary design the airplane geometry is ref ined 
fu r the r  i n  several  progressive s teps  until the mathematical 
geometry is completely defined i n  three dimensions and permits 
geometry ex t rac t ions  a t  any location w i t h  accuracy required €or 
detail design and manufacturing processes that follow- 
The wing shape is now completely defined as t o  planform, 
camber, t w i s t ,  thickness,  and airfoil shape, The wing components 
( s t ruc ture :  r ibs  and spars ;  control  surfaces: f laps ,  a i le ron ,  
spoilers, and leading edge devices) are f u l l y  determined- The 
body is  defined f r o m  nose to tail including interfaces  and 
fa i r ings  to  windshie ld ,  wing, and empennage. The empennage and 
its components. propulsion system, inlets, oowlings, and s t r u t s  
are a l l  completely defined geometrically. 
An example of preliminary design geometry def in i t ion  is shown 
i n   t a b l e  2 -  
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INPUT 
DATA 
INPUT 
FORMS 
OUTPUT 
DATA 
OUTPUT 
FORMS 
Table  2.-Preliminary Design Geometry Definition 
~ ~ ~~ " 
LONGITUDINAL  CONTROL CURVES 
BODY 
DEFINING  MEMBERS 
~- 
PLANFORM 
AIRFOIL  
WING 
CAMBERnHlCKNESS 
TWIST 
LINE - USING  POINTS 
. ~~~ ~~ 
CURVE (E.G., CUBIC,  QUINTIC) - USING  POINTS 
POINT  OF  CENTER 
~- ~ 
RADIUS 
~ ~ ~. ~. .~ - 
FULLY  DEFINED  EXTERIOR  SURFACE  WITH  TRANSFORMATION 
EQUATIONSTO  RELATE  TO  AUXILIARY  COORD.  SYSTEMS 
STRUCTURAL  DEFINITION  DRAWINGS,  DEFINING  SHAPE  OF 
MAJOR  STRUCTURAL  COMPONENTS 
REFINED  CENTtSLlNE  DIAGRAM 
ENGINE  NACELLE C 3NTROL  POINTS 
MATHEMATICAL  PRINlI3UT  -SURFACE  DEFINITION 
ON-LINE/OFF-LINE  MEDIUM-ACCURACY  HARDCOPY  DRAWINGS 
" 
OFF-LINE  HIGH-ACCURACY  HARDCOPY  DRAWINGS 
HARDCOPY/SCREEN  DISPLAY - EXTRACTION  OF 
PREDEFINED  SURFACES 
- 
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5-1.2-4 D e t a i l  Design Geometry Definition 
The f i n a l  mathematical three-dimensional geometry definition 
is extracted and mathematically dissected to produce external and 
internal contour for each detail part,  assenibly, or installation, 
An example of detai l  design geometry definit ion is  shown i n  
table 3. 
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Table 3.-Detail Design Geometry Definition 
INPUT 
FORMS 
CONTROL  CURVES 
DEFINING  MEMBERS 
LINE 
CURVE (E.G., CONE,  CUBIC, QUINTIC,  ETC.) 
POINT  OF  CENTER 
RAD I US 
LABELED  SECTION - CUT  DEFINITIONS 
PART  GEOMETRY  (DATA SETS) - INSTALLATION, 
ASSEMBLIES, AND  DETAIL  PARTS 
3-VIEW  DEFINITION  OF  VEHICLE  INTERIORS  FOR  SYSTEM 
DEVELOPMENT/INSTALLATlON 
MATHEMATICAL  PRINTOUT  -SURFACE  DEFINITION 
ON-LINE/OFF-LINE  MED.  -ACCURACY  HARDCOPY 
DRAWINGS  -SURFACE  EXTRACTION  PLANE 
SCREEN DISPLAY - EXTRACTION  OF 
PREDEFINED  SURFACES 
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5.2 TECHNICAL ANALYSIS 
This  sect ion deals  with the infomation and activities of the 
s t a f f s  i n  developing the principal information required for t h e  
design process, 
Section 6 - 0  shows the des ign  ac t iv i ty  f low' f rom the  time 
design commences to the  product ion and follow-up phases of t h e  
design process. 
The technical s taff  information interfaces  shown i n  f i g u r e  6 
do not  indicate  the level of ac t iv i ty  assoc ia ted  w i t h  the design 
t imeframe but indicate the kinds of information received and 
produced by the technical staff discipl ine.  The weights  s taff  
data shown is an exception and is presented in grea te r  de t a i l  to 
i l l u s t r a t e   t h e   i n c r e a s e d   d a t a  support needs as design progresses. 
The IPAD development schedule and budget do not permit a l l  
d i sc ip l ines  to have levels of presentation equivalent t o  that of 
t h e  weights s t a f f  . I n  the  case  of systems, no deta i led  
information is presented. 
The disciplines addressed are weights, aerodynamics, f l i g h t  
control, propulsion, noise,  and stxuctures,  Figure 6 is an 
overview of the data communication between the staff  groups,  
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5 - 2 .1  WEIGHTS TECHNOLOGY 
This sec t ion  iden t i f i e s  the tasks performed by t h e  we igh t s  
technology staff during a typlcal airplane design cycle- 
F i g u r e  6 is  a brief overview of t h e  t a s k  phases involved. 
Addenda A-1 provides an in-depth overview of the  complete design 
cycle, showing general  a c t i v i t i e s  i n  t h e  design process phases 
f r o m  conceptual design through preliminary d e s i g n ,  detai l  design,  
design ver i f icat ion,  and production, 
Design phases are pictured in figures 8 through t2, each 
phase depicted on its own overview chart w i t h  a description of the  
a c t i v i t i e s  - 
5 - 2 1 I Conceptual Desiqn 
The conceptual design phase of the weight s t a f f   a c t i v i t i e s  
contains two d is t inc t  des ign  areas or levels: design mission 
se lec t ion  and configuration sizing, Both of these tasks a re  
invoked i n  arr iving a t  a design concept. Figure 7, weights 
technology conceptual design overview, illustrates the data flow. 
The chart  shows the input data,  its source, t h e  weights staff  
process, and output and t h e  rec ip ien t  of the data-  The following 
lists the weights staff output and processes: 
Class I Weiqht and Balance Estimates--Estimate preliminary weight 
and balance from s t a t i s t i c a l  and semistatist ical  equations using 
general parameteric inputs such as gross weight, number of 
engines, wing area,  aspect ratio, fuselage wetted a rea ,  fue l  
capacity, number of passengers, etc. (Supporting computer  program: 
ORGY) 
Location and m a d a b i l i t y  Studies--From Class I weight and balance 
estimates, determine the wing, gearp and engine locations;  fuel 
and payload distribution; and t a l l  s i z e  r e q u i r e  for airplane 
s t a b i l i t y  and control through center of gravity operational 
limits. E s t a b l i s h  and evaluate the fuel, passenger, and cargo 
loading requirements, procedures, schedules, and f l e x i b i l i t y  of 
study airplane configurations . (Supporting computer  programs: 
ORGY, SPUD, "W073) 
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Trade Studies-Evaluate the weight and balance e f f e c t s  of 
configuration level t rade  s tudies  which def ine  alternate design 
concepts  sat isfying the same design  requirements,  (Supporting 
computer program: ORGY) 
- Weiuht Distributions--Provide  vehicle,  payload, and f u e l  
d i s t r ibu t ions   fo r   l oad  ana lys i s ,  f l u t t e r  ana lys i s ,  and s t a b i l i t y  
and control analysis.  (Supporting computer program: TEW053) 
Moment of I n e r t i a  Data--Provide moment of i n e r t i a  d a t a  of t h e  
airplane about its axes of ro ta t ion  for s i z ing  and locat ing 
control  surf  aces ,  and f o r   f l u t t e r   a n a l y s i s  - (Supporting computer 
programs: TEW053, SCOWL, ATLAS, m 2 8 )  
Optimization Studies-Evaluate the weight and balance effects  of 
refinements to  a given design concept which results i n  improved 
airplane  weight, cost, or perfonance,  (Supporting computer 
program: ORGY) 
Growth Studies--Determine operational empty weight changes 
associated with configuration gross weight increases- (Supprting 
computer program: ORGY) 
R i s k  Analyses--Prepare quantitative assessments of the probabi l i ty  
of meeting airplane weight loads by analyzing the configuration 
def in i t ion ,  the potential weight impact of unresolved 
design/analysis problems, availability of planned new technology 
items, and probable effect of welght and cost reduction programs. 
V i s i b i l i t y  Reports--Prepare summary reports which present  the 
r e s u l t s  of weight analyses and s tudies  for management decision and 
p ro jec t  and s ta f f  u t i l i za t ion .  ( suppor t ing  computer  programs: 
SWRS, WEST) 
Budget and Manpower Estimates--Estimate weight staff budget and 
manpower requirements based on an t ic ipa ted  total program manpower 
and  schedule - 
Budget. m o t e  Weiqht Estimates--Estimate weight and balance  effect  
of custaner-requested changes for budget quotes. 
Competitive Analyses--Prepare weight estimates of competitor 
a i r c r a f t  and comparisons of Boeing/Competitor a i r c r a f t   f o r  
performance evaluation, marketing analysis, and sales  support ,  
(Supported by a l l  programs) 
Promsal Weisht Estimates--Prepare weight estimates i n  support of 
new business  bids  in  response to reques ts  for  proposals from 
contracting  agencies-  (Supported by a l l  programs) 
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5.2.1.2 Preliminary  Desiqn 
The preliminary design phase of the  we ights  ac t iv i t i e s  s ta f f  
also contains t w o  levels of design activity: design refinement 
and des ign ver i f icat ion.  Both of  these tasks  make up the  
prel iminaries  design act ivity.  Figure 9 i l l u s t r a t e s  t h e  data 
f l o w -  The chart shows the  input  data, its source, the stress 
staff  process  and output, and the rec ip ient  of the output data. 
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Figure 9.- Weight  Technology-Preliminary Design  Phase 
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The following lists the weights staff  output and processes 
used during preliminary design: 
Confiquration Estimates--Continue Class I weight and balance 
estimates of  al ternate  study  configurations.   (Supporting 
computer program: ORGY] 
C1a.s~- I1 Weight and Balance Estimates--Estimate airplane weight 
and balance from analyt ical  equat ions using geometric, system 
s iz ing ,  and structural  sizing preliminary design parameters.  
CSupporting computer programs: (IRAC-8 LEMBO, GEARS, PROFIX, 
AESOP) 
Loadability Study-Establish and evaluate the fuel ,  passenger ,  and 
cargo loading requirements, procedures, schedules, and f l e x i b i l i t y  
for the selected configuration, (Supporting computer  programs: 
FUELPD, TEW053, TEw073, SPUD) 
Trade and Optimization Studies--Evaluate the weight and balance 
e f f e c t s  of subsystem level t rade  s tudies  which def ine  a l te rna te  
design amcepts  sat isfying the same design requirements, Evaluate 
t h e  weight and ba lance  e f fec ts  of refinements to a given design 
concept which r e s u l t s   i n  improved airplane weight, cost, or 
performance-  (Supporting  computer programs: ORACLE, L M O ,  
GEARS, PROFIX, AESOP) 
OEw,- Payload, and Fuel Distributions--Provide vehicle, payload, 
and f u e l  d i s t r i b u t i o n s  for load analvs is .  f lu t te r  ana lys i s ,  and 
s t a b i l i t y  and cont ro l  analysis - (Su&mrting computer program: 
TEM053) 
Wind Tunnel Support--Provide scaled mass property data and 
ca lcu la te  and v e r i f y  model section weights and balance for weight,  
C . G . ,  and iner t ia  s imula t ion ,  
Moment of I n e r t i a  Data--Provide moment of ine r t i a  da t a  of the 
airplane about its a x i s  of ro ta t ion  and s iz ing  and locating 
control  surfaces,  and for   f lu t te r   ana lys i s -   (Suppor t ing  computer 
programs: TlW053, SCOWL, ATLAS, TW28) 
Weisht Control Proqrams-Initiate the guidelines and procedures 
required to  monitor and change the design t o  limit or reduce the 
weight growth which occurs with increasing design definit ion and 
problem resolution. 
Growth Studies--Continue determination of operational empty weight 
changes associated with configuration gross weight increases. 
(Supporting  computer program : ORGY 1 
Weiqht and Balance Guarantees--From current weight estimates, risk 
analyses, and weight  reduct ion  poten t ia l ,  es tab l i sh  the  nominal 
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spec i f ica t ion  and m a x i m u m  guarantee weight and balance of the  
configuration for customer sales- negot ia t ions.  
Risk Analyses--Continue quantitative assessments of t h e  
probabi l i ty  of meeting airplane weight goals by analyzing the 
configuration definit ion,  potential  weight impact of unresolved 
design/analysis problems, availabil i ty of planned new technology 
items, and probable  effect  of weight and cost reduction programs. 
Weiqht and Balance Substantiation--Verify Class I weight and 
balance estimates as design details a r e  established by calculat ing 
and documenting de ta i l ed  weights from layouts ,  schematics, block 
diagrams, system descriptions, comparison to exis t ing  a i rp lanes ,  
etc. 
Alternate  Desiqn Studies--Ini t ia te  and eva lua te  a l t e rna te  
solutions t o  the proposed design w h i c h  r e s u l t   i n  improved weight 
and/or balance performance. 
Weisht Record System--Enter detailed data i n t o  t h e  weight staff 
data  base for weight documentation, tracking, and change history. 
(Supporting computer program: SWRS) 
Acoustical Weiqht Penalties--Establish and evaluate both usual and 
special  requirements  for  acoust ical  insulat ing mater ia l  required 
for passenger comfort- 
V i s i b i l i t y  R e p o r t s  and Meetinqs--Prepare s m a r y  reports and 
conduct review meetings t o  present OLW estimates, change 
his tor ies ,  weight  t rends,  and weight analyses for management 
decision and p ro jec t  and staff u t i l i z a t i o n -  {Supporting computer 
program: SWRS) 
Work Statement Evaluation--Evaluate work s t a t emen t  def ini t ions t o  
subs tan t ia te  weight estimates of t h e  i n i t i a l  d e s i g n  or changes t o  
the design. 
Fuel MaMqement/Volumetric Data--Integrate fuel management 
l imi t a t ions  and def ine  tank ends and f u e l  management procedures, 
Calcu la te  fue l  volumes for panel loading and establishment of fuel 
management procedures.  (Supporting computer programs: FUELPD, 
TEW053, SCOWL) 
Desiqn to  Cost Data--Provide weight analyses  of design-to-cost 
trade data . 
AMPR and Section Weiqht Distributions--Provide weight 
d i s t r ibu t ions  by a i rp lane  manufacturer’s planning report (AMPK) 
def in i t i on  and by a i rp l ane  sec t ion  for  cost estimating- 
(Supporting computer program: SRWS) 
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Budget and Manpower Estimates-Estimate w e i g h t  s ta f f  budget and 
manpower requirements based on ant ic ipated total program manpower 
and schedule - 
- +-t%rner - "" - OEW and Chanqe Request  Estimates-Estimate  weight and 
balance of s p e c i f i c  customer configurations and customer requested 
changes. 
Competitive Analyses--Prepare weight estimates of competitor 
a i r c r a f t  and comparisons of company/competitor a i r c r a f t  for 
performance evaluation, marketing analysis. and sales support-  
[Supported by a l l  programs] 
Proposal Weiqht Estimates--Prepare weight estimates i n  support of 
new business bids i n  response to requests far proposals from 
contracting  agencies-  (Supported by a l l  programs) 
5.2  1.3 Detail  Desiqn 
The detail  design phase of the weiqhts staff a c t i v i t i e s  is 
one of data refinement and growth production since the d e t a i l  
design is i n  process w i t h  (presumed) f ina l  da ta -  F igure  10 
i l l u s t r a t e s  the data f l o w -  The chart shows the input data,  its 
source, the weight  s taff  processes and output. and the rec ip ien t  
of the data. 
Figure 10 lists the weights staff  output and processes during 
t h e  detai l  design-  
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Confiquration Estimates--Continue Class I w e i g h t  and balance 
estimates of alternate study  configurations-  (Supporting  computer 
program: ORGY) 
Layout and Drawinq Weiqht and Balance Calculations--Determine 
ai-rpiane .weight -b-?r-iih-& b y .  c a l cu la t ing  s t ruc tu re  and  system 
detail parts weight and balance from layouts, schematics, blodk 
diagrams, and released drawings. 
Wind Tunnel Support-”Provide scaled mass property data  and 
ca lcu la t e  and verify model section weights and balance for weight, 
cog., and iner t ia  s imula t ion .  
Loadabili ty Studies and Schedules--Establish fuel, passenger, and 
cargo loading-requirements and eva lua te  load ing  f l ex ib i l i t y .  
Prepare  loading  schedules-  (Supporting c o m p u t e r  programs: FUELPD, 
TEW053, TEWO73, SPUD) 
Ballast System Data--Establish f l i g h t  t e s t  a i rp l ane  ba l l a s t  
requirements - 
Trade and Optimization Studies--Evaluate the weight and balance 
e f f e c t s  of subsystem and component level t r ade  s tud ie s  which 
def ine  a l te rna te  des ign  concepts  sa t i s fy ing  the same design 
requirements. EMluate the weight and balance effects of 
refinements t o  a given design concept which r e s u l t s   i n  improved 
airplane  weight,  cost, or performance.  (Supporting  computer 
programs: ORACLE, LEMBO, GEARS, PROFIX, AESOP) 
Jackinq Requirements--Analyze operat ional  and jacking conditions 
t o  establish jacking requirements and l imi ta t ions .  
OEW, Payload, and Fuel Distributions--Provide vehicle, payload, 
and fue l  d i s tk ibu t ions  fo r  l oad ,  f l u t t e r ,  and s t a b i l i t y  and 
control  analyses.  (Supporting  computer program: TEWO53) 
Fliqht Simulation Mass Data--Provide a i rp lane  m a s s  propert ies  
c h a r a c t e r i s t i c s  for f l igh t   s imula tor  development.  (Supporting 
computer programs: TW28, TEW053) 
.. . 
Panel Loads--Provide vehic le  and payload weight d i s t r i b u t i o n  by 
panels   for  load and flutter  analyses.   (Supporting computer 
programs: MASS, TEW053, SCOWL, ATLAS) 
Weiqht Control Proqrams--Monitor and evaluate the design and 
i d e n t i f y  the changes required t o  limit or reduce the weight growth 
which occurs w i t h  increasing design def ini t ion and problem 
resolution. 
Moment of Inertia Data--Provide moment of i n e r t i a  d a t a  of t h e  
a i rp lane  about its axis of rotation for  s i z i n g  and loca t ing  
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cont ro l  sur faces ,  and  for  f lu t te r  analysis @upporting computer 
programs: TEW053, SCOWL, ATLAS, TW28) 
Specification and Tarqet Weiqhts--From current weight estimates, 
r i sk  ana lyses ,  and weight  reduct ion potent ia l ,  es tabl ish the 
nominal spec and maximum guarantee weight and balance of the 
configurat ion for  customer sales  negot ia t ions.  Establ ish the 
design target  weight  required to ensu re   t ha t  the spec i f ica t ion  
weight is achieved- 
G r o w t h  Studies--Continue determination of operational empty weight 
changes associated with configuration gross weigh t  increases. 
(Supporting computer program: ORGY) 
R i s k  Ana1yses"Continue quantitative assessments of t h e  
probabi l i ty  of meeting airplane weight goals by analyzing the 
configurat ion def ini t ion,  potent ia l  weight  impact of unresolved 
design/analysis problems, availability of planned new technology 
i t e m s ,  and the probable effect of weight and cost reduction 
programs - 
Weiqht Reduction Proqrams--Establish guidelines and procedures for 
spec ia l  program-wide weight reduction programs - Develop weight 
reduction proposals and evaluate weight reduction proposals f r o m  
other design and s taff  organizat ions.  
Alternate Desiqn Studies--initiate and evaluate a l t e r n a t e  
solut ions t o  the proposed design which r e s u l t   i n  improved weight 
and/or balance performance- 
Weiqht and Balance Substantiations--Verify layout weight 
calculations as des ign   de t a i l s  are finalized by calculat ing and 
documenting weights of released drawings, 
A c o u s t i c a l  Weiqht Penalties--Establish and evaluate both usual and 
special  requirements for acoust ical  insulat ing mater ia l  required 
for passenger comfort, 
Weiqht and Balance Manuals--Begin preparation of customer spec i f i c  
fuel, passenger and cargo loading requirements, data, and 
schedules for customer weight and balance manuals, per ATA Spec. 
1 0 0 .  (Supporting  computer program: TW47) 
Work Statement Evaluations--Evaluate work statement de f in i t i ons  t o  
substantiate weight estimates of the i n i t i a l  d e s i g n  o r  changes t o  
the design- 
Fuel Manaqement/Volumetic Data--Integrate fuel management 
l imi ta t ions  and define tank ends and f u e l  management procedures.. 
Calcu la te  fue l  volumes for panel loading and for establishment of 
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f u e l  management procedures,  (Supporting computer programs: 
FUELPD, TEWO53, SCOWL) 
Weiqht Record System-Enter de ta i led   da ta  into t h e  weight s t a f f  
data base for weight documentation, tracking, and change his tory,  
(Supporting computer program: SWRS) 
V-wdor. pata maluations--Establish  specification  weights €or 
vendor supplied parts. Evaluate and rate vendor proposal weight 
data.  lvbnitor vendor weight performance and establish vendor 
weight control programs where required,  
V i s i b i l i t y  R e p o r t s  and Meetinss--Prepare s m a r y   r e p o r t s  and 
conduct review meetings t o  present OEW estimates,  change 
histories, weight trends, and weight analyses for management 
decision and project  and s ta f f   u t i l i za t ion-   (Suppor t ing  computer 
program : SWRS) 
Carqo Handlinq Limitat ions--Ident i fy  cargo handl ing l imitat ions to  
ensure compliance w i t h  contract requirements, 
Flotation. and Ditchinq Data--Analyze f l o t a t i o n  and ditching 
characteristics of the  conf igura t ion  ( s t ruc tura l  in tegr i ty ,  
f l o t a t i o n  a t t i t u d e ,  f l o t a t i o n  time, etc.) to show compliance w i t h  
FAR 2 5 .  (Supporting  computer program: TW63) 
Onboard Weiqhinq - System Data--Provide airplane weight and 
ba lance  charac te r i s t ics  and analyt ical  support  for onboard 
weighing system design, 
Desiqn to  Cost Data--Provide weight analyses of design-to-cost 
t rade data .  
Material  Distribution--Provide distribution of a i rp l ane   s t ruc tu ra l  
weight by type of material for cost estimating- 
AMpR and  Section- Right  Distributions--Provide  weight 
d i s t r ibu t ions  by airplane manufactureras planning report (AMPR) 
def in i t i on  and by a i rp lane  sec t ion  for cost estimating. 
(Supporting computer program: SRWS) 
Budqet and Manpower Estimates--Estimate weight s ta f f  budget and 
manpower requirements based on ant ic ipated total  program manpower 
and schedule , 
Budqet mote Estimates"Calcu1ate weight and balance effect  of 
customer-requested changes for budget quotes. 
Customer-OEW and Chanqe Request Estimates--Calculate weight and 
balance of s p e c i f i c  customer confqura t ions  and customer-requested 
changes. 
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Competitive Analyses--Prepare weight estimates of competitor 
a i rcra f t  and comparisons of company/cornpetitor aircraft for 
performance evaluation, marketing analysis,  and sa le s  support- 
(Supported by a l l  programs) 
Proposal Weiqht Estimates--Prepare weight estimates i n  support of 
n e w  business bids in response to requests for proposals f r o m  
contracting  agencies. (Supported by a l l  programs) 
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Figure 1 7.-Weight Technology-Design Verification Phase 

5 -2. 1 -4 Desiqn Ver i f ica t ion  
The design ver i f icat ion phase of the weights staff  activities 
begins as the d e t a i l  d e s i g n  is released for production, Figure 11 
illustrates the data ,  da ta  sources, weights staff  processes,  
output data, and data rec ip ien ts .  
The following lists the weights staff  output and processes 
used a t  design  ver i f icat ion:  
Confiquration Estimates--Continue Class I weight and balance 
estimates of alternate study  configurations-  (Supporting computer 
program: ORGY) 
D r a w i n q  Weisht and Balance Calculations--Determine airplane weight 
and balance by ca lcu la t ing  s t ruc ture  and system de ta i l  par t s  
weight-and-balance from released drawings. 
Weiqht and Balance Placards--Analyze f l i g h t  test  airplane placard 
reu i rements  and establ ish placard limits. 
Loadabili ty Studies and Schedules--Establish fuel, passenger, and 
cargo loading requirements of customer configurations and evaluate 
loading  flexibility.  Prepare  loading  schedules,  (Supporting 
computer programs: F'UELPD, TEW053, SPUD) 
Ballast System Data--Establish fl ight t es t  a i rp lane  bal las t  
requirements and provide ballast system design support, 
Trade and Optimization Studies--Continue evaluation of the  weight 
andbalance  e f fec ts  of subsystem and component l e v e l  t r a d e  s tud ie s  
which def ine al ternate  design concepts  sat isfying the same design 
requirements and evaluation of the weight-and-balance e f f ec t s  of 
refinements to a given design concept which r e s u l t s   i n  improved 
airplane  weights,   cost ,  or performance-  (Supporting  computer 
programs: ORACLE, LEKBO, FEARS, PROFIX, AESOP) 
Jackinq Requirements--Analyze operat ional  and maintenance jacking 
conditions t o  establish jacking requirements and l imi ta t ions .  
OEW, Payload, and Fuel Distributions--Provide vehicle, payload, 
and fue l  d i s t r ibu t ions  for load, f l u t t e r ,  am3 s t a b i l i t y  and 
control analyses-  (Supporting computer program: TEW053) 
Fliqht Simulation Mass Data--Provide a i rp lane  m a s s  p roper t ies  
cha rac t e r i s t i c s  for f l i g h t  simulator developnent - (Supporting 
computer programs : W 2 8 ,  TLW053) 
Weiqhinq Requirements and Actual Weiqhinqs-Establish procedures 
and requirements for ac tua l  weighings of vendor parts, part 
assemblies, and to ta l  a i rp lanes-  Weigh pa r t s  and assemblies and 
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prepare shop work orders  for weighings of l a r g e  assemblies and 
to ta l  a i rplanes e 
Weiqht Control Proqrams--Wnitor and evaluate  the design and 
i d e n t i f y  the changes required to limit or reduce the weight growth 
which occurs with increasing design d e f i n i t i o n  and problem 
resolution. 
Control Surface Balancinq--Establlsh and document the procedures, 
limits, and test methods for t he  static balancing of control 
surfaces  for f l u t t e r   a m t r o l ,  
Moment of I n e r t i a  Data--Provide moment-of-inertia data of the 
airplane about  its axes of rotation for v e r i f i c a t i o n  of s iz ing,  
locat ing control surf aces,  and f l u t t e r  a n a l y s i s  - (Supporting 
computer  programs: TEW053, SCOWL, ATLAS, TW28) 
Specif icat ion Weiqhts--From calculated and actual weights and 
customer change requests,  establish the nominal spec i f ica t ion  and 
maximum guarantee weight and balance of s p e c i f i c  customer 
configurations. 
Growth Studies"Continue determination of operat ional  empty weight 
changes associated with configuration gross w e i g h t  increases,  
(Supporting computer program : ORGY) 
Risk Analyses-Continue quantitatlve assessments of the 
probabi l i ty  of meeting airplane weight goals  by analyzing the 
configurat ion def ini t ion,  potent ia l  weight  impact of unresolved 
design/analysis problems, availability of planned new technology 
items, and the probable effect of weight and cost reduction 
programs, 
Weiqht Reduction Proqrams--Coordinate procedures fo r  spec ia l  
program-wide weight reduction programs, Develop weight reduction 
proposals and evaluate weight reduction proposals from other  
design and staff  organizauons.  
Alternate Desiqn Studies--Init iate and eva lua te  a l te rna te  
solut ions t o  the proposed design which r e s u l t   i n  improved weight 
and/or balance performance.. 
Weiqht and Balance Substantiations--Continue ver i f i ca t ion  of 
layout weight calculations as design detai ls  a re   f i na l i zed  by 
calculat ing and documenting weights of released drawings- 
T e s t  Airplane Weiqht Trackinq and Fl iqh t  Manifests-*rack the  
weight and balance of f l i g h t  test airplanes- Analyze loading and 
b a l l a s t  for spec i f i c  t es t  conditions and provide weight and 
balance manif est support - 
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Weiqht and Balance Manuals--Prepare customer spec i f ic  f u e l ,  
passenger and cargo loading requirements, data, and schedules for 
customer weight and balance mmudls, per ATA Spec, 100 - 
(Supporting computer program: TW47)- 
Fuel T e s t  Support-"Establish procedures and provide support f o r  
the  determination of airplane-unusable and trapped  fuel - 
Fuel Manaqementflolumetric Data--Verify f u e l  management 
limitations,  procedures,  and  fuel volumes, (Supporting computer 
programs: F'UELPD. TEW053, SCOWL) 
Weiqht Record System--Enter detai led data  into the weight  s taff  
data  base for weight documentation, tracking and change h is tory-  
(Supporting computer program: SWRS) 
Vendor Weiqht Comp1iance"Monitor vendor weight performance and 
establish vendor weight control programs where required, Ident i fy  
vendor parts to be ver i f i ed  by actual weighings- 
V i s i b i l i t y  R e p o r t s  and Meetinqs--Prepare summary repor t s  and 
conduct r e v i e w  meetings t o  present OEW estimates, change 
h i s to r i e s ,  and weight trends and analyses for management decision 
and project  and s ta f f  u t i l i za t ion-  (Suppor t ing  computer program: 
s-1 
Carqo Handlinq Limitations--Verify cargo handling limitations t o  
ensure compliance with contract requirements, 
Flotat ion and Ditchinq Data"Continue analysis of f l o t a t i o n  and 
di tching character is t ics  of  t he  configurat ion (s t ructural  
i n t eg r i ty ,  f l o t a t ion  a t t i t ude ,  f l o t a t ion  time, etc-) t o  show 
compliance w i t h  FAR25, (Supporting  computer program: TW63) 
Onboard Weiqhinq - System Data--Provide a i rp lane  weight  and 
balance characteristics and provide analytical  support f o r  onboard 
weighing system design - 
Budqet and Manpower Estimates--Estimate weight staff budget and 
manpower requirements based on ant ic ipated total  program manpower 
and schedule - 
Customer OEW and Chanqe Request Estimates--Calculate weight and 
balance of spec i f i c  c u s t o m e r  configurations and customer-requested 
changes. 
Emdqet Quote Estimates--Calculate weight and balance effect of 
customer-requested changes for budget quotes. 
Canpetitive Analyses--Prepare weight estimates of competitor 
a i r c r a f t  and comparisons of company/competitor a i r c r a f t   f o r  
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performance evaluation, marketing analysis, and sales support, 
(Supported by a l l  programs) - 
Proposal Weisht Estimates--Prepare weight estimates in support of 
new bus iness   b ids   in   response  to requests for proposals from 
contracting  agencies-  (Supported by a l l  programs) 
5.2.1.5 Production 
The production phase of the weights staff activities are 
sbwn in f igure  12.. The char t  g i v e s  v i s i b i l i t y  to  the input  data ,  
data source, w e i g h t s  s taff  output  data, processes used, and the 
rec ip ien t  of the data- 
The following lists the output data and process used by 
weight technology during the production phase: 
Confiquration Estimates--Continue Class I weight and balance 
estimates of der ivat ive  configurat ions,  (Supporting computer 
program: ORGY) 
Weiqht and Balance Placards--Analyze airplane placard requirements 
and establish placard limits and nomenclature, 
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Figure 12-Weight Technology-Production Phase 

Drawinq . . Weiqht and Balance  Calculations--Calculate  changes to t h e  
airplane's weight and balance from released drawings, PRR,s, 
service bul le t ins ,  and modification k i t s -  
Loadabili ty Studies and Schedules--Establish fuel, passenger, and 
cargo-loading requirements of customer and der ivat ive 
configurations and evaluate  loading f lexibi l i ty .  Prepare loading 
schedules.  (Supporting computer  programs: FUELPD, TEWO53, 
TEW073, SPUD) 
Demonstration Fliqhts Support--Provide required support for 
special  demonstrat ion f l ights ,  including f l ight  manifests ,  cargo 
f l ex ib i l i t y  ana lyses ,  da t a  fo r  customer presentations, etc. 
Wade and Optimization Studies--Continue optimization of t h e  
weight and balance effects  of subsystem and component level t r ade  
s tud ie s  which def ine al ternate  design concepts  sat isfying the same 
design requirements and evaluation of the weight-and-balance 
effects  of  ref inements  t o  a given design concept which results i n  
improved airplane  weight, cost, or performance. (Supporting 
computer  programs: ORACLE, LLMl30, GEARS, PROFXX, AESOP) 
Jackinq Requirements--Analyze operational and maintenance jacking 
conditions t o  establ ish jacking requirements ,  l imitat ions,  and 
procedures. 
OEW, Payload, and Fuel Distributions"Continue analysis of 
vehicle, payload, and fue l  d i s t r ibu t ions  of customer and 
derivative  configurations-  (Supporting computer proyram: TEW053) 
Fliqht Simulation M a s s  Data--Provide a i rp lane  mass properties 
characterist ics  for  f l ight  simulation.  (Supporting computer 
programs: W28, TEW053) 
Weiqhinq Requirements and Actual Weiqhings--Establish procedures 
and requirements for actual weighinys of vendor par t s ,  par t  
assemblies, and total airplanes.  Weigh p a r t s  and assemblies and 
prepare shop work orders  for weighings of large assemblies and 
total  airplanes - 
Weisht Control Prosrams"Monitor and evaluate the design and 
iden t i fy   t he  changes required to  limit or reduce the weight growth 
which occurs with production corrections and product improvements. 
C o n t r o l  Surface Balancinq--Establish and document the procedures, 
limits, and test methods for  the  s ta t ic  ba lanc ing  of  cont ro l  
su r f aces  fo r  f lu t t e r  con t ro l ,  
Moment of I n e r t i a  Data--Provide moment  of i n e r t i a  d a t a  of the 
airplane about its axes o f  ro t a t ion  fo r  ve r i f i ca t ion  of sizing,  
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locat ing control  surfaces ,  and f l u t t e r  analysis, (Supporting 
computer programs: TEWO53, SCOWL, ATLAS, m28) 
Specif icat ion Weiqhts--om calculated and actual weights and 
customer change requests, establish the nominal specification and 
m a x i m u m  guarantee weight and balance of s p e c i f i c  customer and 
der ivat ive  configurat ions - 
G r o w t h  Studies--Continue determination of operational empty weight 
changes associated with configuration gross weight increases- 
(Supporting computer program: ORGY) 
Risk Analyses-"Continue quan t i t a t ive  assessments of the 
probability of meeting derivative airplane weight goals by 
analyzing the configuration definit ion,  potential  weight impact of 
unresolved design/analysis problems availability of planned new 
technology items, and probable effect of weight and cost  reduction 
programs - 
Weiqht Reduction Proqrarns--Coordinate procedures f o r   s p e c i a l  
program-wide  weight-reduction  programs  Develop  weight-reduction 
proposals and evaluate such proposals from ather design and staff 
organizations.  
Special Operational Pmcedures--Establish special operational 
procedures, as required,  for unique customer cargo requirements, 
a i rp lane  recovery operations,  etc. 
Weiqht and Balance Substant5ations"Continue ver i f i ca t ion  of 
airplane weight by ca lcu la t ing  and documenting weights of 
drawings, PRR's service bul le t ins ,  etc, 
Delivery Manifests--Prepare weight and balance control and loading 
manual supplements, delivery manifests, and weight compliance 
reports ( i f  applicable) for  delivery of custaner  a i rplanes,  
C r e w  Trainins Manifests and Schedules--Prepare example manifest 
and loading schedules for customer f l i g h t  c r e w  t ra in ing ,  
Weiqht and Balance Manuals--Prepare customer weight and balance 
manuals containing customer-specified fuel, passenger, and cargo- 
loading requirements, data, and schedules, per ATA Spec. 100. 
(Supporting computer program: TW47) 
Post Desiqn Analyses--Analyze and document the weight performance 
of the design and i d e n t i f y  areas of potential  weight improvement. 
Fuel Manasement Data--Verify fue l  management l imi ta t ions  and 
procedures- Analyze de r iva t ive  fue l  management requirements, 
(Supporting computer programs: TEW053, SCOWL) 
Weiqht &cord System--Enter detailed data into the weight staff  
data  base for  weLght  documentation, tracking, and change history. 
(Supporting computer program: SWRS) 
Vendor Weiqht Cornpliance--Wnitor vendor weight performance. 
Ident i fy  vendor p a r t s  to be   ver i f ied  by actual weighings- 
Visibility R e p o r t s  and Meetinqs--Prepare sunrmary reports and 
conduct review meetings t o  Fresent OEW estimates, change 
his tor ies ,  weight  trends, and weight analyses for management 
decision and projec t  and s ta f f  u t i l i za t ion-  (Suppor t ing  computer 
program: SWRS) 
5.2.2 AERODYNAMICS 
C h a r t s  are presented t o  g i v e   v i s i b i l i t y  t o  t h e  aerodynamics 
s t a f f   a c t i v i t i e s  and r e spons ib i l i t i e s .  
Figure 13 presents t h e  aerodynamic staff  data flow a c t i v i t i e s  
and f igure  74 i l l u s t r a t e s  t h e  a reas  of r e s p m s i b i l i t y -  
5 -2 -3 F'LIGHT CONTROL 
Fl ight  control  activity is  presented a s  a f l o w  of 
information, Figure 15 presents  a p ic ture  of t h e  in t e rna l  da t a  
flow w h i l e  f i gu re  16 i l l u s t r a t e s  i n fo rma t ion  f l o w  w i t h i n  the 
staff - 
5.2.4 PROPULSION 
Propulsion technology staff communications and da ta  flow are 
shown i n   f i g u r e  17 . 
The activities, data f l o w ,  and interfaces  involving the noise 
technology staff a r e  shown i n  f i g u r e  18. 
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5 - 2  -6  STRUCTURES - LOADS AND DYNAMICS 
The a c t i v i t i e s  of the structures  technology s taff  are grouped 
i n  two related areas: I )  loads and dynamics s t a f f  and 2) stress 
and fa t igue  staff- The activities of t hese  s taffs  are shown i n  
overview (figure 19) and as a data  flow (figure 20) - 
The following is a description of loads and dynamics 
a c t i v i t i e s  as they progress through the design phases.. 
5.2.6.1 Task Defini t ion - Conceptual  Desiqn 
Define criteria--Design conditions, types of external loadings, 
and opera t iona l  l imi t s  t h a t  i n f luence  s t ruc tu ra l  s i z ing  are 
defined 
Basic Flutter Assessment--Statist ical  trends are used a s  
configuration guidelines considering wing loading, wing Sweep, 
thickness r a t i o ,  material, mass d i s t r ibu t ion ,  and operating 
conditions.  
Analytical  Methods Def ined--The staff  determines whether analyses 
w i l l  use beam and/or f i n i t e  element s t ruc tura l  representa t ions ,  
subsonic and/or supersonic aerodynamic theories. and an t ic ipa tes  
t h e  required complexity of mathematical models, 
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Figure  19.-Loads  and  Stress  Technology Staff Overview 

i 
1 
Figure ZO.-Structures Technology Staff Interface and Data Flow 
I 

5-2.6.2 Task Definit ion - Preliminary Desictn 
Riqid m d s  Distr ibut ion--Ini t ia l  calculat ions of load 
d is t r ibu t ions  on  major airframe components are made for  both 
specif ied design condi t ions and a fat igue mission prof i le ,  
Gust Formulae Loads--Initial gust loads will be determined by 
appropriate gust loads formulae modified by s t a t i s t i c a l  dynamic 
f a c t o r s  - 
Prel iminary Flut ter  Analysis--Ini t ia l  f lut ter  analysis  w i l l  use 
best avai lable  m a s s  and s t i f f n e s s   d i s t r i b u t i o n s  to compute 
vibrat ion modes and frequencies for equation formulation. Changes 
i n   s t r u c t u r a l  arrangement are suggested to meet f l u t t e r   c r i t e r i a .  
Flexible  Airframe Static Loads--Starting with the structural  
de f in i t i on  r e su l t i ng  f r o m  r ig id  load  appl ica t ion ,  f lex ib le  loads  
are cyc led   un t i l   s t ruc tu ra l  criteria a r e  m e t  by changes in 
geometry, s t r u c t u r a l  arrangement, and weight and st iffness 
d is t r ibu t ions .  
5-2.6-3 Task Definit ion - D e t a i l  Desiqn 
Advanced Analytical  Methods-As the configuration is refined, more 
advanced ana ly t i ca l  tools are used. Aerodynamic force model da ta  
is used i n  a new cycle of gust formulae and flexible vehicle 
s ta t ic  loads. 
Dynamic Gust Loads--Fully dynamic gust  loads analyses  are  made, 
both v e r t i c a l  and lateral, for c r i t i ca l  des ign  condi t ions  - Both 
discrete gust and s t a t i s t i c a l  gust studies  are considered, Gust 
analyses for fat igue s iz ing are  included.  
Dynamic Ground Loads--Fully dynamic loads encountered during 
landing impact and taxi over rough runways are determined. 
Landing gear non-linearties are included, 
R i d e  Comfort Assessment--In conjunction w i t h  both t he  f l i g h t  and 
ground induced dynamic loads,  ride comfort is evaluated i n  terms 
of l a t e r a l  and vertical a c c e l e r a t i o n s   a t  crew and passenger 
locations.  
Refined Flutter Analyses--Additional f l u t t e r  analyses of the 
refined configuration are made using updated data banks- 
Flutter Optimization Studies--Most advantageous changes i n  
configuration geometry mass and/or s t i f f n e s s   f o r   f l u t t e r   c l e a r a n c e  
are determined- 
Control Actuator Requiranents"Contro1 stiffness requirements are 
provided to  m e e t  f l u t t e r  criteria. 
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I n i t i a l  Wind Tunnel Model Results--All applicable force, pressure,  
and f l u t t e r  model da ta  are incorporated in  appropriate  dynamic 
analyses. 
Secondary S t ruc ture  Loads--Loads are provided m secondary 
structure,  relying heavily on data from a similar previous 
configuration. 
Equations for Fliqht Control System-Flexible vehicle equations of 
motion are developed  for  use  in  f l igh t  cont ro l  synthes is  and 
analysis.  
5.2.6.4 Task Defini t ion - Desiqn Ver i f ica t ion  
Riqorous Analysis Techniques--Util ize sophisticated tools to 
maximum advantage, making best use of available theo re t i ca l  and 
experimental data. 
Nonstandard Conditions--Make sure vehicle  can withstand any 
inadvertent  or deliberate nonstandard loadings and usages within 
the acceptable  f l ight  regime- 
Update Dynamic Analyses-Repeat critical dynamic load and f l u t t e r  
analyses to provide a maximum level of confidence i n   t h e o r e t i c a l  
predictions.  
Secondary Dynamic Loads-Perform dynamic load s tudies  on secondary 
s t ruc ture  subject t o  rapid loading conditions- 
Control Surface Flutter--Include control surfaces i n   d e t a i l e d  
f l u t t e r   a n a l y s e s  
Panel  F lu t te r - - Inves t iga te  pane l  f lu t te r  possibilities on exposed 
skin  panels I 
Fai lure  Condition Analyses--Identify and analyze  fa i lure  
conditions t o  confirm that  f lut ter  requirements  are m e t .  
Ver i f ica t ion  Model Tests--Update wind tunnel  model def in i t ions  t o  
r e f l e c t  any s igni f icant  des ign  changes. 
S t ruc tura l  D e s i q n  Criteria--Ensure tha t  f i na l  conf igu ra t ion  
provides compliance with a l l  loads and f l u t t e r  criteria- 
Ground Vibration Test--Verify the theore t ica l ly   p red ic ted  
v ibra t ion  characteristics of the vehicle-  
F l i sh t  mads  Survey-"ake i n f l i g h t  measurements of gust and 
maneuver loads t o  ver i fy  ana ly t ica l  results. 
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Fl iqh t   F lu t t e r  Testinq--Ensure by f u l l - s c a l e   t e s t i n g   t h a t   t h e  
aircraft  is f r e e  f r o m  f lu t t e r   t h roughou t   t he   des ign   f l i gh t  
envelope. 
5 - 2  -6 -5 Task Defini t ion - Production 
Onqoinq Ana1vsis"Continue theoretical s t u d i e s   i n  support of 
sus t a in ing  a i r c ra f t  programs. 
Follow-on Testinq--Conduct wind tunnel  and flight t e s t i n g  as 
required t o  investigate proposed vehicle modifications.  
Weiqht Reduction Proqram--Supprt e f f o r t s  to  m e e t  or improve 
performance guarantees, 
Growth Studies--Provide accurate determination of growth po ten t i a l  
f o r  f u t u r e  derivative a i r c r a f t .  
The following is a descr ip t ion  of stress and f a t i g u e  t a s k s  a s  
they progress through t h e  design phases. 
5-2-7.1 Task Defini t ion - Conceptual  Desiqn 
Broad Brush Sizinq for Trade Studies--Analyze a l te rna te  des ign  
concepts  sa t i s ty ing  the  same design requirements and using t h e  
same level of elementary theory t o  obtain a quick evaluation of 
re la t ive   des ign  merit. 
Define Criteria--Interpret  Federal  or mil iary airworthiness  
requirements relative to the design under consideration. 
Establish the company pos i t i on  and agreed prac t i ce  in dealing w i t h  
important and critical deslgn discussion. Prepare a formal 
criteria document for in-house use. 
Establ ish Analysis Methods--Arrange engineeringmanagement 
agreement t o  e s t a b l i s h  the ana lys i s   qua l i t y  and depth commensurate 
w i t h  type of design, manpower, and budget constraints, 
5 - 2 - 7 - 2  Task - Preliminary  Desiqn 
Preliminary Gross Sizinq of Primary Structure-The primary 
structure is sized, using elementary engineering theory, a t  
s e l ec t ed  sec t ions  fo r  static strength and fat igue.  The f a t igue  
analysis estimates ground-air-ground (GAG)  cycle  stresses and 
damage ratios- The wing  box is sized and the  f l exura l  and 
to r s iona l  r igidi ty  and shear center  loca t ion  are determined- The 
body monocOque is s i zed  and the f l exura l   r i g id i ty   abou t  the 
vertical and horizontal  axes determined along with the t o r s iona l  
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r i g i d i t y  and shear center location, At the wing-body in te rsec t ion  
and other regions of discontinuity,  elementary b e a m  theory is 
modified by e f fec t iv i ty   f ac to r s   based  on t e s t  experience or more 
sophisticated analyses performed on similar airplanes,  
Trade Studies on Structural Concepts--Studies involving evaluation 
of d i f f e r e n t   s t r u c t u r a l   s o l u t i o n s  to  t h e  same problem are  s tud ied-  
Select ion is a trade of cost, weight, and r i s k  f a c t o r s ,  
Plan and Monitor Component Tests"Ckit ica1 components with a high 
ana lys i s  risk f a c t o r  are selected f o r  static and fa t igue  tes t ing .  
The stress and fatigue group is inc luded  in  selecting, planning, 
and eva lua t ing  the  resu l t s  of these  tests. 
5.2.7-3 Task - Detai l  Desiqn 
Advanced Analysis - F i n i t e  Element--Using the   s iz ing   pred ic ted  by 
conventional methods, a mathematical  mdel is b u i l t  t o  describe 
t h e  more highly  redundant   s t ructural   region  such as  t h e  wing body 
intersect ion.  Camputex so lu t ion  y ie lds  large amounts of data  
about selected points (nodes) and the ideal ized m e m b e r s  connected 
t o  t h e  nodes. The output  consis ts  of def lec t ions ,  in te rna l  
forces ,  and stresses for  a l a rge  number of applied load cases * 
Lengthy in t e rp re t a t ion  of the  output  is cur ren t ly  requi red  to  
convert the discont inuous effects  of t he  f in i t e  e l emen t s  t o  
continuous functions and i n t e r p r e t  t h e  i d e a l i z a t i o n  i n t o  real 
s t ruc tu re  . 
Large structural m d e l s  are sometimes constructed by a 
mathematical joining of subs t ruc tu res -  Cur ren t  t r ends  in  f in i t e  
element analysis t o w a r d  programs for rap id  input preparation and 
post-processing of output,  together w i t h  res ize  capabi l i ty ,  w i l l  
permit its use as a preliminary design tool, 
It is f e l t  that in t h e  IPAD environment, f i n i t e  element methods 
w i l l  become prime s t ruc tu ra l  ana lys i s  tools, no t  on ly  fo r  de t a i l  
design but throughout the design  process, Small s t r u c t u r a l  
design tasks w i l l  be quickly analyzed i n  an  i n t e r a c t i v e  mode, 
D e t a i l  Member Loads/Sizes/Safety Marsins--Detail m e m b e r  loads a r e  
calculated and released to engineering for design of p a r t s  and 
preparation of drawings- 
Final drawings are checked and approved t o  indica te  sa t i s fac tory  
s t rength and fa t igue  levels, 
Full-Scale Fatique and Static Tests-Load conditions are reviewed 
and a decision is made on the  c r i t i ca l  l oad  cond i t ions  to  be 
t e s t ed  and the order of such   tes t ing  t o  achieve maximum 
information before incurr ing fai lure-  Condi t ions t o  be tes ted to 
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limit, ultimate, and f a i l u r e  are decided. A method of loading is 
planned and calculation of applied loads t o  give equivalent 
e f f e c t s  on the   s t ruc tu re  to  t h e   i n f l i g h t   e f f e c t s  is made, 
Coordinate closely with test groups t o  ensure the test r i g  is 
func t iona l ly  sa t i s fac tory  and that the recording instruments and 
techniques w i l l  supply the needed informatim. 
Pl-gm and Monitor Component Tests--Continuation of component 
t e s t i n g  from preliminary design phase- 
5 -2-7-4 Task - Desiqn Verif icat ion 
Monitor Full-Scale Tests--Compare test resul ts  with predicted 
analysis  values ,  Analyze discrepancies and determine the cause.. 
Sup~r t -Des iqn  Modi f i ca t ions  Due to  Full-scale Tests - - In i t i a t e  
work-around solut ions or  perform more ref ined analysis  t o  ve r i fy  
acceptance manufacturing and analysis errors. 
Airworthiness  Certification--Summarize stress and fat igue analyses  
i n  formal document form t o  provide visual evidence of compliance 
with the appropriate  a i rworthiness  regulat ions,  
5.3 COMPUTER-AIDED DESIGN 
Computer-aided design is t h e  use of computer hardware and i ts  
associated software t o  assist engineers in developing and 
evaluating designs and producing data and drawings. 
When the  word "design" i s  used here, it carries such meanings 
as: 
To mentally invent, contrive, map out,  or plan a project  for 
a purpose 
To proportion, form, o r  shape an objec t  or act ion for a 
purpose 
To draw, ske tch ,  ou t l ine ,  or d e t a i l  any of the above 
The ndesigna then plans and/or cont ro ls  the  in te rac t ion  
between many subjects  such as materials, people, money, energy, 
t i m e ,  objects ,  and functions.  
The computer w i t h  its programs and related funct ions is used 
t o  a id  the  des igner  in  a l l  levels of design, hence the designation 
ucomputer-aided design-" 
Cornputer-aided design is an engineering tool used from market 
research to  p roduc t   des ign   t ha t   s a t i s f i e s  t h e  market needs and is 
85 
the data source for conventional and computer-aided manufacturing- 
(See document D6-IPAD-700 11-D, Production  Manufacturing  Interface 
Document.) Within these areas the re  are requirements for general 
and spec i f i c  programs, and f o r  batch and in t e rac t ive  
conversational capabili t ies.  
General programs are general in scope and usage and t h e i r  
needs are hased on previously experienced design requirements. 
Spec i f ic  programs a r e  to  s a t i s f y  a particular requirement and are 
created as needed. Batch programs created on punched cards or by 
remote terminal are processed on a time delay (15 minutes t o  
overnight),   Interactive  conversational programs are accessible 
via remote terminals, have predefined q u e s t i o n s  f o r   s o l u t i o n  of 
s p e c i f i c  problems, and give immediate response t o  questions- 
A oomputer-aided design work s t a t i o n  operates under a 
computer management system which has the capabi l i ty  of i n i t i a t i n g  
or executing conversational computer programs and creat ing or 
modifying geometry from an interactive graphics device. The 
management system controls data f l o w ,  program usage, and stored 
data.  Hardcopy pr in touts  are avai lable  a t  both high and l o w  
accuracy levels, as required,  
The computer a ids  to design are described here as they apply 
t o  three design phases: conceptual, preliminary, and d e t a i l  
design. (Sustaining design is a p a r t  of detai l  design,)  
5 3.1 CONCEPTUAL DESIGN 
Computers are used for m a n y  of the activities i n  conceptual 
design phase - H e r e  t he  effort  is primari ly  directed towards 
configuring trade studies and parametric analysis. Typical t a s k s  
for a subsonic airplane are listed below i n   t h e   o r d e r  that they 
may probably occur i n  each refinement cycle in the conceptual 
phase of the design process. 
SEQUEXCE OF CAD TASKS - SUBSONIC AIRPLANE 
a] Analyze  market activities f o r  design mission, market  
categories,  economics, competitive data, cri t ical  route  
performance, market s i ze ,  etc. 
b) Provide relative cost values in constant-year dollars 
c) Conduct a i rplane  configurat ion  t rade  s tudies  
d )  Calculate  configuration parameters t o  descr ibe  a i rplanes 
f o r   t h e  market analysis using parametric calculations 
Prepare an integrated geometry consisting of payload and 
control cabin arrangements, wing and empennage 
planforms,  parametr ic  lof t  def ini t ion,  control  surface 
arrangaents,  propulsion arrangements,  structure 
arrangements, etc. 
Perform opt imizat ion s tudies  on engine cycle data and 
nacelle geometry t o  support performance calculations 
Calculate "noise footprints" to support design 
i t e r a t i o n s  
Estimate drag and l i f t  c h a r a c t e r i s t i c s   t o   s u p p o r t   f i e l d  
and cruise performance calculations 
Calcu la te  a  s impl i f ied  f lu t te r  ana lys i s  
Estimate maneuver margins, s t a b i l i t y ,  and cont ro l  
Ascertain by computer analys is  tha t  the  a i rp lane  
configuration is s t a t i c a l l y  balanced within acceptable 
c.9. range using statistical or es t imated  s tab i l i ty  and 
control  data  
Predict  loads f r o m  parametric data 
Calculate a pr-elirmnary gross s t ruc tu ra l  s i z ing  for 
strength and f a t igue  
Size typical elements a t  se lec ted  sec t ions  us ing  
elementary beam theory, i . e - ,  wing surfaces and spars, 
fuselage lobes and sidewalls, and empennage surfaces and 
spars 
U s e  s t a t i s t i c a l  c a l c u l a t i o n s  for airplane weights 
Estimate overall system weights with general placement 
within a  configurat ion for  a  real is t ic  weight  and 
balance survey 
5 - 3.2 PRELIMINARY DESIGN 
Computers are used i n   t h e   p r e l m i n a r y  design phase of 
engineering design involving analysis, data reduction, and 
interact ive graphics ,  The computer t a sks  far a subsonic airplane 
design are listed b e l o w  i n  the approximate order for one i t e r a t i o n  
or loop in  the prel iminary design phase.  ( S o m e  of these are 
refinements of tasks performed i n  the conceptual design phase, 
sec t ion  5 -3.1 .,) 
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Refine  the  parametr ic  wing geometry and extract wing 
contours for checking wing s u i t a b i l i t y  
Refine airplane geometry 
Analyze a i rp lane  conf igura t ion  for  con t ro l  and dynamic 
s t a b i l i t y  
Update weights and balance when inputs are changed 
R e f i n e  vehicle  loads (wing, fuselage,  empennage) for 
f l i g h t  and ground conditions 
Size control system actuators 
Size landing gear 
Analyze propulsion system design and performance 
Analyze r e l i a b i l i t y  
Develop hydraulic system requirements 
Determine environmental control load and p w e r  
requirements 
Determine electrical p o w e r  system requirement 
Determine f u e l  system requirements 
S ize  s t ruc tu re  fo r  s t r eng th ,  f l ex ib i l i t y ,  and fa t igue  
Analyze wind tunnel tests 
Summarize aerodynamic performance 
Refine airplane geometry 
Prepare geometry for layouts  
5 -3-3 DETAIL DESIGN 
The end product of t h e  d e t a i l  design phase of the  design 
process is a completely defined, approved design of a desired 
product  tha t  is presented to  the users (manufacturing, inspection, 
customer, etc-) on a medium and i n  a form that is  most e f f i c i e n t  
for t h e   p a r t i c u l a r  customer cs uses 
The d e t a i l  phase is the design period when most of the 
engineering manhours are expended and when the design engineer 
makes maximum use  of the computer (analysis programs, in te rac t ive  
graphics, and geometry def in i t ion)  - 
Since the detai l  design phase involves  m o r e  engineering 
design hours and simultaneous design effort than any previous 
phases, it is important that the preceding preliminary design 
phase be complete i n  a l l  a r eas  before detail  design begins. Any 
design redirect ion or data changes during de ta i l  des ign  increases  
the manhours consumed and causes schedule slides, 
The computer is involved in the refinement of the previous 
preliminary design tasks (sec. 5.3 - 2 )  plus detail design tasks and 
drawingldata preparation- Tables 4 through 6 represent computer 
tasks for the different  design areas:  
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Table 4.--General Design Tasks 
DESIGN ELEMF.NTS DESIGN CONSIDERATIONS 
Section Properties 
Frames and Trusses 
Shear W e b s  
Beams and Columns 
Weiqht and Volume 
Computations 
Extrusim Select ion 
Mechanisms 
Pin  Jo in t s  
Web Cutouts 
Class i f ica t ion  Codinq: 
Detai l  Par t  Desiqn 
Shear center for standard sections 
Shear  center  for  a rb i t ra ry  sec t ions  
Torsion constant 
Pin-joined 2D t r u s s e s  
Pin-joined 3D t r u s s e s  
Rigidly joined 2D trusses 
Rigidly joined 3D t r u s s e s  
Small-scale  f ini te  e lement  analysis  
Shear   res i s tan t  
Diagonal  tension f ie ld  
Non-constant section columns 
Beam columns (single and 
continuous span) 
Detail  weight and centroid 
Assembly w e i g h t  and centroid 
Tank volumes and centroid 
Trapped f u e l  and water volumes 
Avai labi l i ty  
Kinematic displays of f l aps ,  
landing gear, etc. 
Single-pin joint  analysis 
Ring doubler requirements 
Small and l a rge  door cutouts 
Classifying de ta i l  p a r t s  by shape, 
function, material ,  production 
methods t o  locate ex i s t ing  
similar/identical/usable par t s  
where economic are  ga ined  in  the 
use of ex is t ing  tools, t o o l  
planning, machine programming. 
Washers 
Clips  (angles, t e e s ,  zeessc etc,) 
Bushings (straight,   stepped, 
Springs (coil, s p i r a l ,   l e a f )  
shoulder,  etc .) 
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Table S.--Specific Design Tools 
DESIGN ELEMENTS DESIGN CONSIDERATIONS 
Controls and Hydraulics CAMS--both feel and pos i t iona l  
Cable length determination 
Cable break points and pulley 
Plane of pu l l eys   w i th   r e l a t ion  
Four-bar l inkage in one plane 
Four-bar l inkage i n  tw planes 
tangent   points  
t o  cable runs 
Fl iqh t  Deck 
Elec t r ica l /Elec t ronics  
Propulsion  (Fuels) 
Propulsion (Power 
Plant  and A P U l  
Environmental Control 
Sys terns 
Vision polars 
P i t o t  s t a t i c  TAT probes 
Panel base p l a t e s  and l i g h t   p l a t e s  
Lining contours 
Circui t  breaker  panel  posi t ion 
Equipment r a c k   i n s t a l l a t i o n s  
Wire bundle disconnect panels 
Antenna i n s t a l l a t i o n s  
Fuel   tank  def ini t ion 
Height/volume/c .g. 
Fuel  system f lows/pressure 
Dr ips t ick  ca l ibra t ion  
Fuel tank  p lo ts  
Wetted area,  volume 
Jet  pump design 
Fuel tank temperatures 
Fuel t ank  p lo t t ing  
Fuel probe design 
At t i tude  error ana lys i s  
Vent system design 
Plan forms 
Contours 
U l t i m a t e  and f a t igue  s t ruc tu ra l  
Tube and duct layout 
Clearance studies 
Transformations 
ana lys i s  
Duct layout 
Duct loads 
Forginqs and Castinqs Desiqn 
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Table  6,"Drafting D e t a i l s  and Assemblies 
DESIGN ELENENTS 
wing 
Body 
Empennaqe 
Nacelle S t r u t  
Propulsion Pod 
Systems 
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DESIGN CONSIDERATIONS 
Geometry R i b s  
Skins Flaps 
S t r ingers  Aileron 
Spars Body-wing joint 
Geometry Floor beams 
Skins Frames 
St r ingers  and longerons Bulkheads 
Fin geometry 
Fin skin 
Fin spars 
Fin ribs 
Rudder 
Fin body j o i n t  
Stabi l izer  geanetry 
S t a b i l i z e r  skin 
S t a b i l i z e r  spars 
S t a b i l i z e r  ribs 
Elevators 
Skin 
R i b s  
Bulkheads 
Engine/strut  interface 
Strut lwing interface 
system in t e r f ace  
Inlet cowling 
Fan cowling 
Engine cowling 
Thrust reverser 
Wiring--schematics,  diagrams, 
bundles and bundle  instal la t ions 
Hydraulic--schematics , diagrams 
tubing assemblies and tubing 
i n s t a l l a t i o n s  
Pneumatic--schernatics, diagrams, 
ducts and duc t  ins ta l la t ion  
Environmental control"schematics, 
diagrams, system installation 
5-3-4 UNIQUE COMPUTER DESIGN A I D S  
The computer-aided design discussed in  the previous 
paragraphs deal t  pr imari ly  with scient i f ic  programs involving the 
design process  i tself .  There are other areas  where business 
systems and s c i e n t i f i c  programs have considerable impact on design 
and manufacturing procedures, Two of the pr imary areas  are  in  
drawing r e l ease  and data management- 
5 -3.4 - 1 Drawinq Release 
The drawing release function provdies an administrative and 
c l e r i c a l  service to  the engineering design organization and a c t s  
a s  the in te r face  between the design organization and the 
downstream organizations using the engineering drawings and 
re la ted   da ta  - 
In  support  of t h e  engineering design organization, the 
release function assigns and maintains appropriate records for 
drawing and part numbers, drawing sheet numbers, revis ion 
ident i f ica t ions ,  and c o n t r o l  numbers fo r  supportive engineering 
documentation, It receives the completed  packages of engineering 
drawings and da ta  from the design groups, processes t h e  packages 
t o  complete the record-keeping function, and issues t h e  drawings 
and re la ted  da ta  t o  the r ep roduc t ion  un i t  fo r  d i s t r ibu t ion  to  t h e  
using organization. 
In support  of user  organizat ions,  the release funct ion 
provides engineering data required to accomplish t h e  planning, 
ordering, producing (or purchasing), and accounting for a l l  
hardware components. It produces i r d e x e s  of drawings to be 
supplied t o  customers representing the configuration of t h e  
product purchased- 
Inherent  in  an automated drawing release system is  the  
a b i l i t y  t o  monitor schedule performance (actual drawing release 
dates versus scheduled dates), and to generate t imely reports t o  
management ident i fy ing  ac tua l  or impending schedule non- 
conformance which may have an adverse effect on the program- 
Additionally, it may be used to provide extracts ,  audi ts ,  and 
s t a t i s t i c a l  data to  s a t i s f y  either standard or special  report  
requests.  It contains a historical log which may be used to  t r a c e  
t h e  changes of product configuration- 
5.3 -4.2 Data Manaqement System 
A t  t h e  beginning of a program, a data  management policy i s  
established to control  the design and implementation and 
maintenance of those computing systems which support engineering 
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and manufactur ing act ivi t ies .  This  pol icy is implemented i n  the 
form of engineering or interorganizat ion technical  and 
administrative documents, manuals, d i r e c t i v e s  and procedures used 
t o  d i r e c t  and cont ro l  the engineering design, management and 
administsation functions.  
5-4 DESIGN INTELLIGENCE 
Design in te l l igence  is the knowledge, background, techniques, 
methods, imagination, data, and etc-, that  the engineer  needs to  
design a product, The des ign  in te l l igence  each engineer 
personally has is augmented by two categories  of data: design 
d i rec t ives  and design standards, These da ta  a re  used i n   a l l  
phases of design level in  IPAD program. 
5 -4 - 1 DESIGN DIRECTIVES 
Design direckives comprise a category of information 
containing basic design theories, design discipl ines ,  data ,  and 
procedures for engineering documentation (drawings, m e m o s ,  etc,) 
and control.  Design d i rec t ives  inc lude  documents  such a s  
procedures manuals, design guides for each s y s t e m  i n  a f l i g h t  
vehicle,  stress manuals, etc. 
5 -4 - 1 - 1 Procedures Manual 
The procedures manual describes the engineering drawing, i ts  
classifications,   arrangement,   sizes,  and format, It contains 
in s t ruc t ions  r e l a t ing  to  drawing d is t r ibu t ion ,  draf t ing  mater ia l s ,  
and elementary drafting techniques, and it standardizes drawing 
data changes- I t  also contains the procedures for the release and 
d i s t r ibu t ion  of the following documents r e l a t i n g  t o  drawing data 
released for manufacturing or drawing change: 
An ADVANCE MATERIAL REQUIREMENT authorizes ordering r a w  
mater ia l ,  par ts ,  and equipment, especial ly  those of non- 
standard or hard-to-obtain items, i n  advance t o  ensure their 
availabil i ty for meeting manufacturing schedules.  
A PARTS REQUUEMENTS authorizes the manufacturing of p a r t s  
and directs the  d ispos i t ion  of drawings and drawing or ig ina ls  
(vault ,  copy r u n s ,   f i l e s ,  etc -) - 
A DRAWING INVENTORY summarizes an engineering release package 
and is used by the planning and procurement departments as a 
checklist, 
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A CHANGE NOTICE descr ibes   the  las t  change made t o  a drawing 
(design) that brought it t o .  its current configuration and 
i d e n t i f i e s  the exis t ing configurat ion of the drawing- 
A CHANGE MEMO describes design changes i n   d e t a i l  and 
schedules and controls compliance on se l ec t ed  a i r c ra f t .  
5 -4.1 -2 Desiqn Manual 
The design manual has t w o  main features: general design 
information and s t ructural  a l lowables .  
General Desisn Xnformation--This category consists of a compendium 
of requirements, techniques, methods, and da ta  commonly and 
frequently  used in var ious  f ie lds  of engineering  design It 
contains the following information: 
Design techniques,  cri teria,  and methods (e-g., weld-joint 
c l a s s i f i ca t ion  and process, sheet metal forming c r i t e r i a ,  
fas tener  strengths, i n s t a l l a t i o n  methods, and clearance and 
access requirements) 
Basic design data (e -g., bearings and bushings 
c lass i f ica t ions ,  load  ra t ing  and allowables, properties of 
mechanical joints, and tolerances and machine allowables of 
forgings) 
Selected par t s ,  materials, and processes (e-g., forging and 
cas t ing   c l a s s i f i ca t ions  and specif icat ions:  metal a l loys 
specif icat ions and s tock  s izes ;  and adhesive bonded panel 
spec i f ica t ions  and c l a s s i f i ca t ions ,  sizes, and physical 
properties data) 
S t ruc tura l  Allowables Document--The s t ructural  a l lowables  document 
is a source of structural propert ies  and al lowables  for  a l l  
materials used in  f l i g h t   v e h i c l e s  and equipment such as: 
Basic mechanical properties (static and dynamic) 
Fatigue properties 
Mechanical j o in t  allowables 
Weld joint allowables 
5 -4.11.3 Durabili ty D e s i s n  Manual 
The durabi l i ty   des ign  manual has two m a i n  features:  
s t ruc tura l  conf igura t ions  and methods and allowables. 
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Structural Confiqurations--This section contains families of 
structural  design configurations used as references or a s  t h e  
basis fo r  s t ruc tu ra l  des ign  fo r  a desired durabi l i ty .  The 
configurat ions are  arranged into two categories:  baseline 
configuration  and  approved  configurations . 
Baseline Configurati0n"This applies to  a des ign  for  which service 
experience, test, or  ana lys i s  has indicated a pa r t i cu la r  f a t igue  
quot ient  and for which a viable design refinement exists- 
Approved Configurations--This applies t o  is a proven design based 
on test or  exper ience ,  tha t  w i l l  be used a s  t h e  b a s i s  f o r  new 
design 
Methods and Allowables Manual--Successful fa t igue design depends 
on the  combined actions of management, design, weights, loads, 
stress, test, aerodynamics, configurations, manufacturing, and 
l ia ison.  Long-l i fe  a i rplane s t ructure ,  which is competitive in 
cost and performance, w i l l  be a t ta ined  when a l l   d i s c i p l i n e s  strive 
fo r  e f f i c i en t  conf igu ra t ions  related t o  s t ruc tu ra l  du rab i l i t y -  
Improved de ta i l  des ign  p rac t i ces  and operating stress 
controls  are required to meet fat igue design objectives- Fatigue 
design is in i t i a t ed  du r ing  the layout phase and carried t o  
conclusion w i t h  the ul t imate  in  s t rength design.  A fatigue margin 
is determined for a l l   s t r u c t u r e ,  subject t o  ul t imate  s t rength 
analysis.  
The methods and allowables manual provides information for 
the design and analysis configurations of an aircraft s t ruc tu ra l  
components t o  m e e t  design objectives. It also provides  guides  for  
engineers t o  use t o  achieve des i r ab le  s t ruc tu ra l  du rab i l i t y ,  
(e-g-,  corrosion, sonic fatigue,  drainage,)  i n  associat ion w i t h  
ult imate  strength design, The scope of t h i s  manual covers fa t igue  
design methods and fatigue design allowables.  
Fatigue Design Methods--This is a list of techniques used to  meet 
fat igue design objectives. T h i s  fa t igue design method is a rapid 
engineering tool- Signi f icant  features include: 
A fa t igue  check and margin s imi la r  to the s t a t i c  s t r e n g t h  
check- 
A technique to allow des ign ing  fo r  f a t igue  in  the layout 
phases - 
Fatigue conditions presented as equivalent load conditions 
which replace exceedance type spectra, This feature improves 
basic understanding and eliminates the requirement for 
complex solution. 
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An inventory of fa t igue  rated des ign   de ta i l s  based on test 
and service experience and methods for determining fatigue 
r a t ings  of new designs. 
Fina l  fa t igue  check calculations reduced t o  a s ing le  major 
stress excursion (GAG cycle) expected each f l i g h t  and a 
factor for the addi t iona l  damage of the   smaller   excursions - 
A simple form which w i c k l y  summarizes the   f a t igue  check and 
relates d e t a i l   d e s i g n   q u a l i t y  t o  operating stress, 
Fatigue D e s i g n  Allowables-- T h i s  manual contains information and 
methods for  eva lua t ing  the fatigue properties of design 
configurations such a s  t e n s i o n  s t r u c t u r e s ,  shear jo in t s ,  etc., 
tha t  gu ide  the engineer  in  achieving eff ic ient  fa t igue design,  
Fatigue criteria, fai l -safe  design concepts ,  crack g r o w t h  r a t e s ,  
etc-, r e l a t ing  t o  s t ruc tu re  du rab i l i t y  are also contained in  this 
manual - 
5 -4 - 1 - 4  Desiqn G u i d e s  
A design guide is a series of documents providing 
recommendations, data, and cons t ra in ts  based on past experience 
f o r  selected f l i g h t  vehicles. design elements, (e-g., passenger 
floor panels, cargo door, windshield,  automatic fl ight controls,  
electrical power systems, propulsion systems) which is broken down 
i n t o  a number of individual documents to  cover each subsystem o r  
subject ,  An example of a design guide applicable to propulsion 
subsystems is shown h e l o w ,  
DESIGN GUIDE-PROPULSION 
General  (fasteners,  finishes,  sealings, sheet metal, 
bushings) 
Electrical (clamps,  supports,  connections) 
Engine Build-Up (system pressures, d e t a i l  design,  f lexible  
cables) 
Engine I n l e t  and Cowls 
Engine Shroud and Exhaust 
L i s t s  and Tables (tubing support, bending radius - tube, 
bending radius - hose) 
St ruc tura l  Criteria and In te r face  Loads 
5.4,1-5 Stress Manual 
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The stress manual is a structures s t a f f  or s t r u c t u r a l  
designer's working manual containing information for stress 
analysis  of s t r u c t u r a l  components of f l i g h t  v e h i c l e s  or airborne 
equipment, The approved analysis methods, analysis applications,  
computer program appl icat ions,  and mater ia l s  and fas teners  
property data are included- The typ ica l  ana lys i s  methods are: 
tension, compression. shear  bending, torsion, combined loading 
stress, f r a c t u r e  mechanicsc thermal, accoustic,  and v ibra t ion-  
The typ ica l  ana lys i s  appl ica t ions  are beams, frames, f i t t i n g s  and 
j o i n t s ,  sandwich panels, and composite s t ruc tu res -  
5 -4.2 SI'ANDARD PARTS, MATE;RJ.AL SPECIFICATIONS, AND PROCESSES 
This category of information contains reference da ta  for 
standard par ts ,  material specif icat ions,  and processes-  Of the 
three, the standard par ts  and the mater ia l  processes are t h e  most 
cormonly used m a n u a l s . .  
5 -4 -2 - 1 Standard  Parts 
This is a series of manuals containing information on s i ze s ,  
shapes, types, material, i den t i f i ca t ion  numbers, code, and 
markings f o r  the hardware and prefabricated assemblies comnly  
used i n  the aerospace industry. B o t h  commercial and Government 
standards are included. 
The management, maintenance and cont ro l  of the information 
are included in the documents. The following are t h e  examples of 
s tandard par ts  and management systems- 
Extrusions, shapes, forms 
Inser ts ,  la tches ,  valves  
Bolts, nuts,  rivets, miscellaneous fasteners 
Packings, shims 
B e a r i n g s ,  bushings 
Elec t r ica l /e lec t ronic  par t s  
Connectors, receptacles, plug, inserts, terminals 
Switches,  terminals ,  contacts ,  c i rcui t  breakers, relay 
Wire, cables, w i r e  bundles, conduit assemblies 
Condensers, capacitors 
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5-4.2.2 Material   Specif icat ions 
This standard document contains  specif icat ions,  
ident i f ica t ion ,  and cha rac t e r i s t i c s  of mater ia ls  used in  the 
aerospace industry for design and evaluation, It includes both 
commercial and Government standards- The management system 
covering data compilation, format arrangement, and implementation 
t o  br ing   the  data t o  state-of-the-art  condition and documentation 
and control  are included i n  the standards, The following are 
examples of the subject content of the manual w i t h  d e t a i l  
information including identification, material  specification, 
etc., fo r  each material, 
Ferrous Metals 
Iron and s t e e l   a l l o y s  
High-strength steel a l loys  
Corrosion-resistant steels 
Nonferrous Metals 
Aluminum a l loys  and cast ings 
Titanium a l loys  and cast ings 
Magnesium a l loy  and castings 
Miscellaneous alloys 
NONMETALLIC MATERIALS 
wood 
P l a s t i c s  
C o m p o s i t e  
Elastomers and cork 
5.4.2.3 Processes 
Process specif icat ions are  s ta tements  of engineering 
requirements supplemental t o  engineering drawings or  t o  other 
spec i f ica t ions  to assure qual i ty  and the r e l i a b i l i t y  of parts made 
t o  the engineering design- The manufacturing and qual i ty  cont ro l  
organizat ions use these specif icat ions as  a m e a n s  to es t ab l i sh  and 
check manufacturing processes to ensure that  engineer ing 
requirements are met and p a r t   i n t e g r i t y  is achieved, 
The processes covered by t h i s  document include: 
Rivet i n s t a l l a t i o n  (solid and bl ind)  
Welding processes (fusion welding; aluminum, steel, and 
t i tanium al loys;  and resis tant  weldingt  
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Bolts -and-nuts installation 
Application of adhesive 
Sealing (structural, fuel tank) 
Plating 
Painting 
6 - 0  DESIGN NETWORKS 
6 - 1  DESIGN ACTIVITY SEQURWES 
Section 6.0 deals w i t h  the design activities involved  in  the  
development of a product- Since it is a l a r g e  f i e l d  t o  v i e w ,  t h e  
design process is div ided  in to  por t ions  for easier descr ipt ion and 
comprehension, The d iv i s ions  are made as each of the  n ine  major 
activities occur, 
Figure 21 shows a sequence of the major a c t i v i t i e s  of product 
developrrrent, The four continuous activities a t  t h e  t o p  of f igu re  
2 1  form t h e   i n d u s t r i a l  background from which the product 
development or ig ina tes ,  The t o p  l i n e  is the  research and 
development t o  provide new design concepts and technology- The 
resources cont ro l  of a company provides  capabi l i ty  to support a 
new product in terms of manpower, f a c i l i t i e s  and finances,  The 
marketing, finance,and preliminary design groups combine these  
resources with continuing conceptual studies of new products- 
Management authorizes  a preliminary design effort when the 
marketing studies reveal a product with sufficient sales p o t e n t i a l -  
to  warrent  fur ther  s tudy-  This i n i t i a t e s  t h e  development cycle of 
a specific product.  The process  then enters  several phases of 
design leading to f i rm offers for the s a l e  of the product to  
potent ia l  customers-  I f  suff ic ient  sales  response is generated by 
the  poten t ia l  p roduct ,  management w i l l  authorize a go-ahead for 
detail  design, manufacture,  verification and support, 
The development cyc le  fo r  a typical  subsonic  t ransport  
a i r c r a f t  r e q u i r e s  several years from preliminary design go-ahead 
through a i rp lane  type  cer t i f ica t ion ,  and the preliminary design 
phase requires approximately 25 t o  30 percent of t h e  total 
development cycle time, More complex products, such a s  a 
supersonic transport  or  a space shut t le ,  w i l l  require  several more 
years  and the prel iminary design effor t  may require a l a rge r  
percentage of the development cycle- The IPAD system must support 
t ime-related,  highly flexible developnent processes and provide 
cont inui ty  of t h e   d a t a  development required to support  integrated 
design tasks - 
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Figure 2 1. -Development Cycle 
6.1.2 DESIGN ACTIVITY LEvE;LS 
The purpose of design act ivity levels is to subdivide the 
environment wi th in  which lPAD w i l l  r e la te  to a product and its 
design process. This div is ion is considered to be product- 
independent and serves as  a guide for the classes of man and 
machine involvement with a product, Fiqure 22 shows the nine 
ac t iv i ty  levels divided into three sections. 
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6 - 1.2 , 1 Research Level 
The f i rs t  sect ion comprises  only level I, Continuing 
Research- This represents the research activities of a  long-term 
na tu re  tha t  a r e  done independent of IPAD- In t h e  IPAD 
environment, t hese   r e sea rch   ac t iv i t i e s  will be continually 
monitored to provide new design procedures, and technical  analysis  
capab i l i t i e s  and to improve the technology data bases, Both 
computing programs and data  w i l l  be received into IPAD. 
6.1.2.2 Preliminary Desiqn Levels 
The second sect ion is made up of the preliminary design 
levels, The four levels i n  t h i s  s e c t i o n  a r e  d e s i g n  c r i t e r i a  
select ion,  design sizing, design refinement,  and design 
ve r i f i ca t ion -  D e s i g n  goals for the  four  levels must be chosen to  
balance analysis versus computing time. This w i l l  prevent a 
c o n f l i c t  between t h e  level of analysis and  computer time. Control 
of the  required engineering resources is the  p r inc ipa l  criterion 
for the  establ ishment  of the preliminary design levels 
Accordingly, the activities r e l a t i n g  t o  preliminary design w i l l  be 
collected by types  of  ac t iv i t ies  and hierarchies  of analysis  
capab i l i t i e s  t o  achieve the objective of meaningful design results 
i n  a usable t i m e  period, Thus the  capab i l i t y  will be provided to  
develop a product design and cons is ten t   da ta   base   def in i t ion  in a 
time sequence which is responsive t o  management control  of costs, 
schedules, and technical depth of ana lys i s  fo r  each competing 
configuration under investigation, Using this concept, a manager 
may develop very complete technical da ta  on several  design 
conf igura t ions  before  se lec t ing  the  specific configuration to be 
tested in the wind tunnel,  which requires approximately three 
months flow time and a l a rge  budget expenditure- 
Because the fol lowing terms are referred to  frequently i n  
connection w i t h  preliminary design, they are defined here, 
Computational Flow Time--The total elapsed vorking time from start 
to end of the computational process begins with the user 
col lect ing,  revis ing,  and updating data already i n  the l ibrary.  
The user then commits t h e  job in to  execut ion-  If the job is 
small, the user  remains a t   t h e   t e r m i n a l ;   i f  it is la rge ,  he enters 
it i n t o  a batch execution m o d e ,  After execution is complete, the 
user m a k e s  a cursory examination to determine whether the  results 
a r e  e s s e n t i a l l y  complete and correct- This marks the end of the 
computational flow time , 
Execution Time--Actual execution of the host CPU. measured 
r e l a t i v e  t o  th i rd  genera t ion  equipment for this document- 
D e s i q n  Cycle Time--The total  elapsed working time f r o m  t h e  
beginnixq t o  the end of a single examination of a given design. 
The calculat ions made during this period w i l l  analyze, recycle, 
and suggest redesign for the input design, (Wesign" is used here 
for a complete airplane in  ea r ly  l eve l , . a  s ec t ion  (wing, body, 
etc-) i n  later levels, or f o r  a p a r t  (rzb, bulkhead, etc,) i n  
still later levels .) 
Conversed Desiqn Cycle Time--The t o t a l  time f r o m  the beginning of 
t h e  first design cycle until the  end of a design cycle  that  has  
developed a design which meets the object ives  and constraints .  
(See parenthetic discussion of Weslqnm in  preceding paragraph,) 
L e v e l  I1 is t h e  first of the preliminary design levels- I t  
has  the goal  of determining the design criteria t h a t  w i l l  r e s u l t  
i n  the product  with the greatest  sales  potent ia l .  There w i l l  be 
some limited design and analysis calculations performed in  suppor t  
of the search for t he  bes t  des ign  c r i t e r i a ,  bu t  t h e  computational 
flowtime for a level I1 so lu t ion  would be sma11. Typically, a 
level I1 computational flow time w o u l d  be about two days and 
require approximately 30 minutes execution t i m e ,  I n  t h i s  level, 
computational f l o w  time and design cycle time a r e  synonymous. The 
representations of t he  pe r t inen t  technologies would be in g rea t ly  
simplified forms. 
Leve l  I11 has the goal  of s i z ing  the design to t h e  marketing 
c r i t e r i a  e s t ab l i shed  in l e v e l  11. I t  a l s o  w i l l  resize a design 
t h a t  h a s  been found t o  be de f i c i en t  i n  a higher level, Therefore, 
t h i s  level must use more r igorous analysis  tools and a more 
complete design representation, This level may still be executed 
w i t h o u t  u s e r  intervention, w i t h  a computational flow time on t h e  
order of t w o  and one half  weeks to one month, having execubon 
times of approximately 1 t o  20 hours. In t h i s  level, 
computational flow t i m e  and design cycle time a r e  a l s o  synonymous- 
Level I V  has  the  goa l  of ref ining the design by applying more 
powerful  analysis  capabi l i t ies  in  previously represented 
technologies, and by introducing new technologies into t h e  
analysis-  This is t o  reduce risk within a short time period by 
doing a thorough analysis of the major areas  of the design. It is 
l i k e l y   t h a t  the f i r s t  several examinations of a design s ized in  
level 111 will revea l  def ic ienc ies  and thus  require resizing.  The 
computer execut ions  in  level IV w i l l  be done with user 
interact ion,  with design cycle  times of one to t w o  months, and 
w i t h  execution times of approximately 25 t o  6 0  hours, This level 
w i l l  have a converged design cycle t i m e  of two to four months, 
Leve l  V has the goal of verifying the design so t h a t  a 
decision about product go-ahead can be made w i t h  minimum r i s k .  
This ver i f i ca t ion  is achieved by t h e  m o s t  r igorous analysis  
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ava i l ab le   i n  the various technologies and by performing selected 
tests t o  provide  spec i f ic  da ta  to supplant generalized information 
obtained f r o m  t h e  data base. The design cycle times f o r  this 
level would be 1.5 t o  3 months with execution times of 
approximately 40 to 200 hours. The converged design cycle time 
would be three to  six months- 
6 - F -2 . 3 Manaqernent R e v i e w  
Following level V, t h e  design is reviewed and the commitment 
to  production is considered- If  the production go-ahead is 
granted,  the act ivi ty  proceeds to l e v e l  V I .  I f  the design is not 
su i tab le ,  management provides  direct ion t o  return the design to  
level 1x1 fo r  s i z ing  a new design concept. CK to level 11 to 
es t ab l i sh  new or revised marketing criteria that w i l l  generate an 
e n t i r e l y  new group of designs- 
6.7.2-4 Product Levels 
O n c e  the design has been committed to level VI, the a c t i v i t y  
en te r s  t he  t h i r d  section i n  the IFAD design process. The four 
levels i n  t h i s  section. are detail design, manufacture, 
ve r i f i ca t ion ,  and in-sewpice support OB the product. These levels 
a re   co l l ec t ive ly   r e f e r r ed  to as the product Bevels and a r e  
p a r a l l e l   a c t i v i t i e s  w h i c h  cont inue as required for the l i f e  of the 
product. Within each product level, s e q u e n t i a l  a c t i v i t i e s  w i l l  
occur and the control  w i l l  be s imi la r  to the preliminary design 
levels. 
Level  VI, product  de ta i l  design, is t h e  level in which the 
deta i led  par t s  for  t h e  product will be designed- mis w i l l  
require much ana lys i s  ac t iv i ty ,  i n t e rac t ive  parts design, and 
thorough testing sf components and d e t a i l s  unique to t h i s  product. 
The IPAD environment will enhance the detai l  design process  by 
providing automated support of the data base, aiding i n  the 
in t e r f ace  between design and manufacturing, coordinating the 
various analysis r e s u l t s ,  and providing management infomat ion  
about the progress  in  the detail paart design a c t i v i t i e s -  
L e v e l  V I 1  is ass igned  to  p roduc t  mufac tu re ,  The m a k i n g  of 
the product w i l l  be done f r o m  b-formation conveyed from t h e  IPAD 
system to manufacturing. Much of this interface is expected to  be 
wi t31  t h e  computer-aided  manufacturing ( C A M )  systems, 
Manufacturing problems requiring design modifications w i l l  be 
r e l a t e d  t o  level V I  for redesign. 
Leve l  VI11 performs product verification, As soon a s  
components (and ult imately the completed p rduc t )  a r e  ava i l ab le  
Prom mamfactur ing,  tes t ing w i l l  commence i n  order to ver i fy  the 
product. The IPAD system w i l l  support the documentation of 
resul ts  through its data  base capab i l i t i e s  and w i l l  convey 
information to l e v e l  V I  i n   c a s e s  where redesign is necessary- 
Level  I X  provides product support  once the product is in 
service. Problems a r i s i n g  from use i n  se rv ice  will be refesred to  
Level VI for solut ion,  The data base f a c i l i t i e s  of PPAD w i l l  a ide  
in   co l lec t ing   in -serv ice   par t   h i s tor ies ,  which w i l l  be used t o  
improve the data base used in the preliminary design levels, 
Figure 22 shows the four levels in the product level group- 
However, t he   d i r ec t ion  of the arrows on t h e  flow paths are 
s igni f icant .  They indica te  that l e v e l  V I  provides design 
infomat ion  to  level VIP, VI11 and IX and these levels return 
information to l eve l  VI. Thus, lewels VII, VIII, and n-d~ no t  
communicate d i rec t ly ,  bu t  through level V I ,  because the 
information t o  be relayed w i l l  concern the d e t a i l  design. As long 
as the product is i n  service, there w i l l  be a need for some 
sus ta in ing  ac t iv i ty  in each of t h e  four product levels- The data 
base established, maintained, and qualified by t h e  IPAD system 
w i l l  be of great u t i l i t y   i n   s u p p o r t i n g  the product over a long 
t i m e  period - 
The rime levels of activity relating the product to the %PAD 
environment are O B  a general  nature, a d  it appears they can h 
applied to a wide range of products, such a s  trucks, ships,  
airplanes,  etc, H o w e v e r ,  the more complex products will yield the 
information required t o  develop the IPAD system and select host 
hardware, Alsot t h e  design and manufacture of more comp%ex 
products should have grea te r  benef i t s  f r o m  khe IPAD environment, 
Two product classes have been chosen ~ O K  examination i n  this 
description: subsonic commercial a i r c r a f t  and s u p e r ~ ~ n i c  
commercial a i x c r a E L  I n  addition, a brief examination w a s  made of 
a naval hydrofoil .  These projects  will be discussed in further 
deeail  in the following sections" 
For the a i rp lane  studies ,  the t echnica l  design and a n a l y s i s  
functions of levels 11 and 111 match the design (configuration) 
s i z e  t o  t h e  mission and design requirements, These Bevels treat 
the  configurat ion as a u n i t ,  and the  propulsion analysis deals 
only w i t h  development of engine thrust requirements and cycle 
matching or matching the configuration t o  a specif ic  engine-  both 
cases require a preselected propulsion design concept that 
includes number and loca t ion  of the engines - Level 332 refines the 
sized configuration by developing a m o r e  complete def in i t i on  of 
s t ruc ture  and nonstructure items and by providing greater 
confidence through increased analysis, This Bevel also t r e a t s  &&e 
conf igura t ion  as  a u n i t ;  however, a paral le l  propuls ion s tudy is 
conducted t o  monitor the propuls ion   ins ta l la t ion  and penformanace 
requirements- This study determines the f e a s i b i l i t y  of meeting 
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the propulsion requirements with an exis t ing engine (or by a 
proposed new engine) and the v a l i d i t y  of  nacel le  integrat ion-  
The configuration developnent is f ina l i zed  i n  level V and the 
product de ta i l  design is f i n a l i z e d  i n  level VI, The d e t a i l   i n  
both l e v e l s  V and V I  requires that the design and ana lys i s  
a c t i v i t i e s  be divided by major components and systems, thus 
providing management control and r e spons ib i l i t i e s  for the design 
activities. Therefore, design groups consisting of the wing, 
body, empennage, propulsion, landing gear, payloads, and systems 
are  es tabl ished,  and each group is supported w i t h  the  appropriate  
a n a l y s i s   a c t i v i t i e s .  
It is re-emphasized t h a t  the design networks presented i n  
sections 6 - 2  and 6.3 a r e  examples only;  they are not s t r i c t l y  
hands-off automated networks. H o w e v e r ,  the capab i l i t y  fo r  nea r  
.automated configurat ion s iz ing is an IPAD implementation goal, 
This requires development of defaul t  da ta  for  var iab les  tha t  do 
not routinely change and can be establ ished for a class of 
problem- It is further emphasized that a11 defaul t  values must be 
iden t i f i ed  on command and t h a t  the capab i l i t y  t o  alter them must 
be provided. Using su i tab le  defaul t  va lues  w i l l  provide the basis 
f o r  near-automated configuration sizing a t  levels I1 and I11 and 
extend the configurat ion designer 's  capabi l i ty  t o  search for 
benef i t s  from unconventional designs that might thereby provide 
ins ight  for  innovat ion-  The design and a n a l y s i s  a c t i v i t i e s  i n  
levels IV, V, and V I  r e q u i r e  act ive support  of specialists from 
a l l   t h e  involved discipl ines-  
There i s  a considerable  degree of  s imilar i ty  between the 
network descr ipt ions of pro jec ts  1 and 2 ,  For the sake of 
completeness, each description is presented complete, The reader 
is advised that  there  w i l l  be much repe t i t i on  between the t w o  
network nar ra t ives  - 
It w i l l  a l s o  be noticed that optimization is not mentioned i n  
these network nar ra t ives  but is applied with discretion t o  
se lec ted  parts of the design network, as  c i rcumstances require  for  
m o s t  effect ive use of various types of optimization- (See sect ion 
5 - 0  of reference 3.) 
6.2 PROJECT I - SUBSONIC COMMWCIAL AIRCRAFT 
6 -2 e 1 PROJECT D E F I N I T I O N  
A t  the s t a r t  of the feas ib i l i ty  s tudy  cont rac t ,  a spec i f i c  
set  of specif icat ions w a s  established f o r  a p a r t i c u l a r  a i r p l a n e  i n  
the category of intermediate-range subsonic comercial transport. 
As the design networks evolved, the procedures'and technical t a sks  
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placed into the  network w e r e  fourid to be equally applicable t o  t h e  
general category. Consequently, the project defined as  project  1 
is constrained only t o  be a typical, high-subsonic-speed, 
moderate-aspect-ratio-wing, commercial t ransport  with two to four 
engines located in conventional arrangements, This does not imply 
that the   p ro j ec t  1 network w i l l  not support  the design and 
ana lys i s  of unusual configurations,  only that the computing times 
developed w i l l  be for t y p i c a l  geometries, 
6 -2 -2 DESIGN NETWORKS 
The design ac t iv i ty  leve l  concept  of f igure 21 appl ies  to 
this project.  Hawever, t h e  t i t l es  of lewels 111, I V ,  and V a r e  
re fer red  t o  as configuration sizing, configuration refinement,  and 
configurat ion ver i f icat ion-  The following table represents t h e  
time objectives for the preliminary design levels: 
Time per Time for 
Level Desiqn Cycle Converqed Desiqn cycle 
I1 2 days * 
1x1 2 and 1/2 weeks * 
IV 1 month 2 months 
V 1 and 1/2 months 3 months 
One design  cycle  provides a converged design a t  levels 11 and 
111. A management decision is required to continue until a 
converged design is obtained a t  levels I V  and V. This  
provides management control  of t h e   c o s t s   f o r  computing and 
development tes t ing   ( sec t ion  6 - 1-2) - 
6 -2 -2 .1  Detailed Desiqn N e t w o r k s  for Product Levels 
Figures 23 through 42 present  the detai led design networks 
for project 1 - The following information is pert inent  to  the  
ne twrks :  
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Network blocks 
A c t i v i t y  or event* 
Computer decision 
Computer or man decision 
Man (or men) decision 
* Wwy act iv i ty  which has a '*dom connectiono (e.g., display, 
develop, revke, e t c , ]  includes the "gather informationa network 
described in section 6 - 5 .  
PROJECT I - SUBSONIC A/C (contBd.) 
6 - 2  -2 - 2  Weiqhts  Nomenclature 
Type A - Statistical group weights 
Type B - Analyt ical  primary structure weights,  
statistical weights f o r  rest of 
airplane except  for  known components 
Type C - Analytical primary aEd secondary 
s t ructural  weights ,  statistical weights 
f o r  rest of airplane except for known 
components 
Type D - Analytical weights (primary s t ruc ture ,  
secondary structure and a l l  other 
i t e m s )  except for known components, 
Type E - All weights are determined by individual  
pa r t  0 
OEW - Operating empty weight,  This  designates 
the weight of the airplane including 
a l l  weight except payload and usable   fue l -  
6 -2 -2 - 3 Equations of Motions 
The equations of motion are a large group of technica l  
program elements which have been i d e n t i f i e d   a s  a procedure in a 
separate network- They w e r e  grouped as a pmcedure because they 
are repeated many t i m e s  throughout t h e  design networks. The 
equations-of-motion network i s  shown i n  f i g u r e  42. 
6 -2.2 4 Gather Information Network 
Throughout the design process,  a t  each event where there is  a 
requifement (design, define, display, etc,) , the engineer 
must gather information required to  adon t h a t  task-  The "gather 
information- network describes the sequence of events  tha t  are 
a n t i c i p a t e d  i n  the ques t  fo r  a particular information, The 
"gather information@' network is shown i n  s e c t i o n  6 - 5 -  
6 -2 .2 .5  Narrat ive  Descr ipt ions 
' A  narrative describing the design and analysis  activities is 
presented i n  sec t ion  6-2-3. Each network nar ra t ive  is ident i f ied  
by a reference network block number. Throughout the  nar ra t ivec  
references are made t o  technica l  program elements; an example 
would be ARO-1 which is an aerodynamics technica l  program element 
for  subsonic  wing-body design and analys is -  It is an exis t ing  
PROJECT 1 - SUBSONIC AJC (contcd-) 
computer program which has been ident i f ied  as a candidate for 
IPAD - (See Feasibility Study, volume V, Document D6-60107-5.) 
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Figure 23.-Design Networks:  Project 1 (Subsonic Commercial  Transport)-Level I 
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Figure 24.- Design Networks:  Project I ,  Level / I  
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Figure 26.-Design Networks: Project 7, Level I l l  (Continued) 
116 
"_ 
L E V E L  I I I (Continued) 
I 11-23 
CALCULATE  NOISE  FOOTPRINTS 
1 
PERFORMANCE 
FINANCEKOST 
MARKET  SUITABILITY 
ACCEPTABLE \ 
i 
J 
Figure 27. -Design Networks: Project I ,  Level I l l  (Continued) 
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Figure 28.-Design Networks: Project I ,  Level JV 
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Figure 30. -Design Networks:  Project I ,  Level IV (Continued) 
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Figure 31.-Design Networks: Project 1, Level IV  (Continued) 
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Figure 33. -Design Networks: Project I ,  Level I V (Continued) 
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Figure 36. -Design Networks:  Project I ,  Level V (Continued) 
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Figure 38. -Design Networks: Project 1, Level VI/ 
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Figure 39. -Design Networks: Project I ,  Level VI /  (Continued) 
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6-2.3 NEllwoRK ACTIVITIES DESCRIPTION 
6 -2 -3 1 Level I: Continuinq Research 
The purpose of this level is to  perform and monitor 
continuing research and assimilate r e s u l t s  that w i l l  be important 
t o  the designer i n  the IPAD environment- (See f i g -  23 -1 
- Block "-- - I-l,---Wnq.-Terg " Goals Established by Manaqement--Research i n  
the  te&nica l  a reas  of the 1PAD environment w i l l  cont inue in  the 
pursu i t  of long-term goals- These goals  w i l l  be set by management 
and w i l l  not be required by specific IPAD a c t i v i t i e s ,  H o w e v e r ,  
the ana lys i s  capab i l i t i e s  of PAD l e v e l s  I1 to VI 'may be used t o  
ind ica te  the more p ro f i t ab le   a r eas   i n  which research funds could 
be spent- 
Block 1-2, Research--This block represents  the research being 
conducted t o  support t h e  advancement of the s t a t e  of t h e  design 
and analysis  ar ts-  Design concepts refer t o  research conducted to 
develop detail appl icat ion capabi l i ty ,  such as  dis t r ibuted-load 
a i r c r a f t ,  V/STOL a i r c r a f t ,  laminar-flow control use of composite 
materials, manufacturing processes, jet  noise suppression, 
var iab le  bypass ratio engines, etc- lkchnology refers to the 
general  development of information and processes within specific 
discipl ines ,  such as  aerodynamic cha rac t e r i s t i c s  of pressure 
d i s t r ibu t ion  Over a i r f o i l  shapes, potential flow analysis, or 
materials development characteristics- The users of t h e  IPAD 
system w i l l  monitor these a c t i v i t i e s  to  en te r  new t echnica l  
program elements i n t o  the l i b r a r y  and improve the technology data 
bases- 
6-2.3.2 Level 11: D e s i q n  Mission Selection 
The goal of level I1 is to  select the design mission and 
criteria for the subsequent design. Some very hrief analysis  and 
design logic w i l l  be required to  support t he  se l ec t ion  of these 
c r i t e r i a ,  (Conversely, finding markets and missions fo r  
configurations and design concepts also occurs here,) 
Block 11-?. Develop Level I1 Inputs--The data  stream for this 
project  begins  w i t h  level 11- The i n i t i a l  i n p u t s  w i l l  be derived 
f r o m  t w o  sources- The user  w i l l  provide specific inputs such as 
t h e  problem constraints, performance requirements, and technology 
time period- The l a s t  item w i l l  point t o  groups of da t a  in  the 
data  base required to support the various tedhnologies- Leve l  11 
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is  intended to  be executed without interruption, therefore,  all 
the  inputs  required for level I1 should be given a t   t h e  beginning. 
Block 11-2- D e f i n e  Open Market; Determine Market  Environment-- 
G o a l :  ’Jb i d e n t i f y  t h e  open market for a new airplane and 
determine market environment disciplines for the  new a i rp lane  
engineering  design - 
A mathematical model (MKT-1) c a l c u l a t e s  a i r l i n e  fleet 
requirements  based on air l ine t raff ic  forecasts  and a i rp lane  
inventory. An optimum new airplane is determined for t h i s  market, 
The airplane route system is also i d e n t i f i e d  and its market 
environment d i s c i p l i n e s   a r e  determined by processing the market 
factors such as competitive market shares, growth, w i n d  
temperature ,  a i r f ie lds ,  etc - (MKT-2) , 
Block 11-3. Propose Desiqn  Mission, Assess Market “Goal: To 
analyze market requirements and uetermine design mission 
requirements that  need to  be met fo r  the market environment 
disciplines determined in block 11-2- 
The market potential of a new a i rp lane  is evaluated (MKT-3) 
Block 11-4. Desiqn Mission OK?--Goal: To determine i f  the design 
mission meets the  market environment d i sc ip l ines ,  
T h i s  decision is manual, and human judgment may be exercised 
in  in t e rp re t ing  the  d i sc ip l ines .  
R e v i e w  and r ecyc le  i f  desired- 
Block 11-5. C o n f i q u r e  Airframe and/or Enqine FamilyCParametric) ; 
Compute Performance E Desiqn Trade Data”Goa1: To configure an 
airframe and/or engine family and compute the performance 
characteristics of the family. This w i l l  provide design trade 
d a t a   f o r  the family. 
The elements comprising t h i s  a c t i v i t y  are t o  be executed with 
a minimum of i npu t ,  a s  t he  in t en t  is to  provide data  for the 
select ion of t he  design mission rather than t o  determine the bes t  
configuration, The inputs  w i l l  be composed pr imari ly  of range, 
payload, Mach number, technology base (t ime period),  a gr id  of 
thrust  loading (TFJ) and wing loading (W/S) , and an i n i t i a l  OEW 
(WTS-1) The (DCA-2) geometry module w i l l  tu rn  each a i r p l a n e  i n  
t h e  g r i d  i n t o  a parametric geometry. The performance w i l l  be 
calculated using a simplified process (PRF-1) - Support for t h i s  
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calculat ion w i l l  be provided by the  c ru ise  drag  module (AR0-7), 
t h e  low-speed l i f t  and drag module (AR0-8), t h e   t h r u s t  modules 
The weight-and-balance module w i l l  contain the following 
analyses: 
Statistical OEW predict ion methods which produce a 30-item 
group weight statement 
Statistical OEW balance-arm prediction methods which produce 
a 30-item horizontal   center-of   -gravi ty   s ta tement  
Fuel volume and f u e l  nmnagement calculat ion 
Passenger, cargo, and fuel  loading calculat ions 
Three-axes mass moment of iner t ia  about  the airplane c-g.  
calculat ion 
Airplane balance and loadabi l i ty  calculat ions 
The base statistical equations are of a form such that  each 
group weight i t e m  is predicted as  a function of a set of 
independent parameters- 
The process of f inding the correct s i z e  of t h e  geometry 
and/or  engine is i t e r a t ive  ( f igu re  43)- The i t e r a t i o n  is 
performed for  each geometry of the  T/W-versus-W/S gr id .  The 
r e s u l t  w i l l  be a f i e ld  ("thumbprinta) of a i rp l anes  tha t  w i l l  a l l  
do the mission, me trade information w i l l  a l low val id  select ion 
of t he  best design mission, e-g-, the mission w i t h  t he  best sales 
po ten t i a l  fo r  the c l a s s  of airplane under consideration- 
Block 11-6 - Airplane Economic Analysis--Goal: To evaluate the 
operating economics of an airplane.  
Airplane relative cost values are determined (FNC-2) * 
A i r p l a n e  economics are evaluated in terms of t r i p   o p e r a t i n g  cost, 
ROI,  break-even  load  factor, etc. (MKT-4) For a given  a i rplane 
route  system, the opera t ing  prof i tab i l i ty  of the  a i rp lane  is 
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evaluated (MXT-5). As an aide in design refinement, economic 
sensitivity and design trade evaluation can be an option in MKT-4, 
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Figure 43.-Convergence Loop - Configuration Size  and Performance 
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I n   a d d i t i o n ,   t h e  total  a i rp l ane  performance w i l l  be assessed 
i n  terms of r e l i a b i l i t y  and   main ta inabi l i ty   in   regard  t o  a i rp lane  
availability, support  costs (personnel and mater ia l ) ,  and airport 
operational considerations- This assessment w i l l  be done by t h e  
maintenance, operation, and support simulation models of REL-1 and 
-4 c 
Block 11-7, Forecast.Sales  Potential--Goal: To forecast the 
sales po ten t i a l  of a new airplane.  
Requirements of the new a i rp lane  are ca lcu la ted  by a i r l i n e  
and year t o  determine to ta l  sales p o t e n t i a l  of t h e  new a i rp lane  
(MKT-6) . 
A man decision is made based on a review of t h e  sales 
po ten t i a l  for each candidate configuration under invest igat ion.  
6-2-3-3 Level 111: Confiquration Siz inq 
The goal of level 111 is to s i z e  candidate configurations to  
the design mission and criteria. The s i z i n g  logic should be 
constructed t o  be executed w i t h  minimal user  intervent ion.  (See 
f i g s .  2 5  through 27.)  
The level III network has been divided i n t o  two parts, 
"geometry s izmg"  and "structure sizing.rr  The geometry s iz ing  
p a r t  i s  an iterative process controlled by an equation-solving 
module @CA-4), which drives the configuration design variables 
such a s  wing area, root chord, t i p  chord, etc., u n t i l  a prescribed 
set of equal i ty  and inequal i ty  constraints  ( range,  f i e l d  length, 
etc.) are sat isf ied-  Analyses  for geometry s i z i n g  are based on 
statistical data, and no user intervent ion is envisioned when a 
configuration designer develops t h e  input. The s t r u c t u r e  s iz ing  
pa r t  de f ines  the primary structure, which i s  sized by analysis.  
This analysis includes static loads with statist ical  f a c t o r s  f o r  
dynamic loads, smeared material s i z e d  fo r  s t r eng th  and fatigue, 
weights, and an  op t iona l  f l u t t e r  ana lys i s ,  The basis for t h e  
weight estimate of seoondary s t ruc tu re  and nonstructure items 
remains statistical. The i t e r a t ive  loop ing  for s t r u c t u r e  s i z i n g  
is man-oontrolled, and t h e  configuration designer may consult w i t h  
specialists in  s t ruc tu re  des ign ,  static loads, dynamic loads, 
stress, f l u t t e r ,  and weights. 
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Block 111-3. Develop Level 111 Inputs--The  development of i n p t s  
f o r  level I11 w i l l  be similar to level I1 fo r  t he  ca t egor i e s  of 
user and data base information. H o w e v e r ,  i n  many cases a level 
111 execution w i l l  begin f r o m  a l e v e l  I1 solut ion,  In  these 
instances,  the preparat ion of information required by level I11 
from l e v e l  I1 results is t o  be -ne by automatic processes, These 
defaul t  calculat ions w i l l  be approved and corrected by the  user  
pr ior  to execution of level 111. 
It w i l l  be desirable,  but not necessary,  t o  execute level I11 
without interruption, so the input information for the e n t i r e  
execution should be a v a i l a b l e  a t  the beginning- The user  may 
monitor the   so lu t ion(espec ia l1y   in  cases w h e r e  optimization i s  
being done) to in te r rupt ,  correct, then restart a solut ion-  
Block 111-2- Calculate Geometry--Goal: To define and cont ro l  the  
airplane geometry, including plsnforms, arrangements, propulsion, 
and the  loca t ion  of major equipment i t e m s .  
An a i rp lane  geometry consisting of the body, wing, empennage, 
power plants ,  and landing gear is in tegra ted  in to  a lof ted general  
arrangement (DCA-1, DGL-1, and PRO-1 o r  PRO-2) . The i n i t i a l  s i z e s  
a re  input  and may represent  an exis t ing airplane,  a modification 
of an exis t ing airplane,  or the designer 's  judgment for a new 
airplane.  This module will accept input from subsequent analysis 
modules and wlll r e s i ze  t he  wing, engines, empennage, and control  
surfaces and/or w i l l  r e loca te  the w i n g  and landing gear t o  meet 
the mission requirements and criteria for performance, weights, 
ba lance ,  loadabi l i ty ,  s tab i l i ty ,  and control - 
The body is characterized by the f ineness  ra t io ,  planview, 
halfbreadth,  camber line, crown l i n e ,  kee l  l ine ,  and f l o o r  l i n e ,  
The design is r e l a t ed  to the requirements for the control cabin,  
payload (passenger, baggage, and cargo),  type of empennage, and 
propulsion  arrangement, The payload requirements i n c l u d e  c r i t e r i a  
for  comfort, seating arrangements, aisles, access t o  emergency 
ex i t s ,  l ava tor ies ,  ga l leys ,  cargo compartments, cargo containers, 
doors, clearances for loading and emergency evacuation, windows 
and s t ruc ture ,  
The wing is characterized by parameters such as aspect r a t i o ,  
t ape r  r a t io ,  sweep angle,  thickness form, twist, and camber form- 
Fl ight  and ground control  surfaces  are ident i f ied by type and 
percent of chord and span. Spars and t h e  main gear support  
s t ruc ture  are located t o  provide space for  control  surfaces  and 
actuators-  Spar depths and wing fue l  volumes are determined, 
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The empennage is character ized by the location and type of 
h o r i z o n t a l  s t a b i l i z e r  (body-mounted or mounted on the vertical 
f i n )  and by parameters similar t o  the wing, 
The p o w e r  p lan ts  are characterized by an engine cycle (rubber 
engine) and a nacelle geometry or by input of a specif ic  engine 
and nacel le ,  The engines may be located syrrenetrically on the wing 
and body or on the body cen te r l ine -  The rubber engines are sized 
for takeoff or c r u i s e   t h r u s t ,  
The landing gear arrangements are characterized by kind 
(bicycle or tricycle, body- or wing-mounted) , type (dual or 
t r u c k ) ,  and number of main gear ( t w o ,  three, or fou r ) .  The gear 
is located and s ized  to  meet criteria for s t r eng th ,  f l o t a t ion ,  
ground handling. takeoff rotation, pitch, and roll. 
The cont ro ls  are characterized by pr imary  f l igh t  
,( longitudinal,  lateral ,  and d i rec t iona l )  , secondary f l i g h t  ( l i f t  
and drag) and ground (drag and d i rec t iona l )  . The primary f l i g h t  
control  surfaces  are s i zed  and located to  meet s t a b i l i t y  and 
c o n t r o l  c r i t e r i a ,  The secondary f l i g h t  and  ground control  
sur faces  are s i zed  and located to i n t e g r a t e  w i t h  t h e   f l i g h t  
control  surfaces  and landing gear s t r u c t u r e  and t o  meet 
requirements for field length performance. 
Major items such as f u e l  tanks, electronics, environmental 
cont ro l  units, and the auxiliary power oontrol u n i t  are located t o  
reserve space and provide w e i g h t  and balance information. (DCA-3, 
STM-7, -23, -24, -25) 
Block III-3- Calculate  Cruise Performance”Goa1: The goal is t o  
ca l cu la t e  the c r u i s e  p a r t  of a misslon in order t o  determine fuel 
burned, block time, and f l i g h t  p r o f i l e -  
The c ru i se  pa r t  of the mission consis ts  of the  acce lera t ion  
and climb to the c r u i s e  a l t i t u d e  and speed, t he  c ru i se ,  the 
descent for landing, and the diversion t o  an a l t e r n a t e ,  a l l  done 
by PRF-2, Smplif ied equat ions of motion are integrated and give 
r e s u l t s   t h a t  are accurate to  within 21% of the ac tua l  r e su l t s .  
The cruise drag is provided by module ARO-7,  Thrust and f u e l  
consumption information i s  provided either by t a b l e  lookup (PRO-5) 
or by thermodynamic cycle-matching (PKO-3 or  P R O - 4 ) ,  together  w i t h  
t he  eng ine  in s t a l l a t ion  module (PRO-6) . In  genera l ,  t h e  cycle- 
matching technique w i l l  be used, as it is more f l e x i b l e  and can 
provide pract ical ly  any thermodynamic parameters pertaining t o  t h e  
engine - 
The output of this event w i l l  be f u e l  burned ,  f l i g h t  times 
and mission prof i le ,  
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Block 111-4 - Type B Weiqhts Available?"Goal: If t he  level I11 
analys is  has been executed t o  t h e  point  where type B weights have 
been calculated (block 111-17 or i n   l e v e l  1V) , ra ther  than re- 
executing a statistical type A weights analysis because of a 
s l i g h t  change in   the   conf igura t ion ,   g rea te r   accuracy  w i l l  be 
obtained by scaling the group weights as determined i n  the type B 
weights analysis,  This would be done in block III-7- 
Block III-5. Calculate Weiqht and Balance - Type A--Goal: To 
provide the necessary output,  consistent with the amount of 
information known a t  this level, to  determine whether the 
configuration under consideration is acceptable from t h e  
standpoints of weight, balance, and loadability. 
The technical  program element (WTS-2) provid ing  th i s  
information contains the following analysis: 
S t a t i s t i c a l  OEW weight pred ic t ion  methods which produce a 30- 
item group weight statement (base buildup options) 
S t a t i s t i c a l  OEW balance arm prediction methods which produce 
a 30-item horizontal  center-of-gravity ( c o g . )  statement 
Fuel wlume and management ca lcu la t ions  
Passenger, cargo, and fuel loading calculations 
Three-axis mass moment of i n e r t i a  about the  a i rp lane  c.g. 
calculat ions 
Airplane balance and loadability calculations (determined in 
conjunction w i t h  the s t a b i l i t y  and control block 111-6) 
The base buildup statistical equations are of a form such 
that each group weight item is predic ted  as  a function of a set of 
independent parameters, This type of equation is not  su i ted  for  
scal ing,  
Block 111-6- S t a b i l i t y  and Control  Analysis"Goa1: The 
horizontal  and v e r t i c a l  t a i l  surfaces are sized and located on the 
a i rp lane  t o  s a t i s f y  a prac t ica l  c -g .  loca t ion  and range. The main 
landing gear locatlon and s i z e  is selected.  Lateral control  
surfaces  are s ized and located on t h e  wing- 
An option allows aft-balanced configurations t o  be studied 
for expected performance benefits using a handling-qualit ies 
longitudinal SAS . 
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The s t ab i l i t y ,  con t ro l ,  and balance module (SEC-I) uses 
Boeing experience i n  subsonic airplane design to  formulate and 
design ce r t a in  c r i t i ca l  r equ i r emen t s  for  long i tud ina l  s t ab i l i t y ,  
longi tudina l  cont ro l ,  d i rec t iona l  stabil i ty,  and d i rec t iona l  
control .  Lateral  controls  are  selected using Boeing experience on 
swept-wing airplanes,  
An option provided by S I C 2 2  uses statistical data  t o  provide 
an increment of maneuyer marqin which w i l l  be provided by a 
s t a b i l i t y  augmentation system (SAS) - This option allows a wider 
d i s c r e t i o n   i n  c.9- location and range, 
I f  the SEC requirements are not m e t ,  t h e  geometry module w i l l  
be required to r e s i z e  the empennage and/or control surfaces. 
These changes are control led by DCA-4 and are  executed  a f te r  the 
test i n  block 111-8- 
Block 111-7. Scale Weiqht  and Balance--Goal: To provide  the 
necessary output ,  consis tent  w l t l l  the amount of information known 
at t h i s   l e v e l ,  t o  determine i f  the configuration under 
consideration is acceptable from the standpoints of weight, 
balance, and l oadab i l i t y -  
The technical  program element providing th i s  ou tput  conta ins  
the following analyses (WTS-2) : 
S t a t i s t i c a l  OEW weight prediction methods producing a 30-item 
group weight statement (scaling options) 
S t a t i s t i c a l  OEW balance arm predict ion methods producing a 
30-item horizontal  c - g  - statement 
Fuel volume and management ca lcu la t ions  
Passenger, cargo, and fuel-loading calculations 
Three-axis m a s s  moment of i n e r t i a l  about t h e  a i rplane c ,g ,  
calculat ions 
Airplane balance and loadabili ty calculations determined in 
conjunction w i t h  the s t ab i l i t y  and control analysis (block 
111-6) 
The sca l ing  s t a t i s t i ca l  equa t ions  a re  of a form such t h a t  
each group weight item is predicted as a function of a base weight 
and a set of parameters normalized to  r e f l e c t  changes in 
configuration- 
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Block.. 111-8 - Loadability/OEW Criteria Met?--Goal (1) : To compare 
t h e  OEW calculated by the weights analysis (block 111-5 or block 
111-3) and t h e  OEW s ized  by the cruise performance analysis (block 
111-3) and to determine whether the difference between the OEWes 
is within acceptable limits. If the  d i f f e rence  is too great, the 
geometry module (block 111-2) w i l l  be required to r e s i z e  the 
configuration, The required changes are computer-controlled by 
DCA-4 - 
G o a l  (2) : To compare the  ava i l ab le  forward and a f t  c e n t e r -  
o f -g rav i ty   l imi t s  as  determined by the stabil i ty-and-control 
analysis (block 111-6) and the required forward-and-after center- 
of-gravity balance and loadabi l i ty  limits as determined by t h e  
weights analysis (block 111-5 or 111-7) . If the  d i f fe rence  
between the   r equ i r ed  and available center-of-gravity limits is too 
grea t ,  the geometry module (block 111-2) w i l l  be required t o  
resize the empennage- If t h e  OEW cog.  pos i t ion  does  not  resu l t  in  
acceptable airplane balance,  the geometry module (block 111-2) 
w i l l  be required to ad jus t  t h e  pos i t ion  of such items a s   t h e  wing 
and gear relative t o  the body. The required changes are computer- 
control led by DCA-4. 
Block 111-9. Calculate Low-Speed Performance and Observer Station 
Noise”Goa1: Th i s  ac t iv i ty  w i l l  ca lcu la te  the takeoff and landing 
performance of a configuration- Observer s t a t ion  no i se  w i l l  be 
provided- 
The takeoff and landing performances are determined by 
separa te  technica l  program elements- However, both are supported 
by a low-speed l if t-and-drag module ( -0-8)  and by t h r u s t  and f u e l  
flow modules t h a t  u t i l i z e  either table lookups (PRO-5) or 
thermodynamic cycles  (PRO-3 or PRO-4) . The propulsion modules are 
interfaoed by the  eng ine  in s t a l l a t ion  module (PRO-6) .  
Takeoff  and  climb-out  performances (PRF-3) are provided by 
integrat ing s implif ied equat ions of motion. The t akeof f  f i e ld  
length is determined for the balanced f i e ld  s i t ua t ion ,  and the 
l a r g e s t   f l a p   s e t t i n g  that w i l l  m e e t  t h e  FAA minimum climb gradient 
is used, 
Landing performance (PRF-4) is also found by in tegra t ing  the 
equations of motion, The procedure finds the m i n i m u m  f l a p  s e t t i n g  
t h a t  w i l l  m e e t  t h e  FAR 25 climb-out requirements- 
Observer station noise for takeoff,  approach, and s ide l ine  is 
estimated using module PNz-1- 
Block 111-10- D e s i s n  Criteria Met?--The loop  tha t  iterates t o  
s i z e  a configuration begins a t  block 111-2 and ends a t  th i s  b lock ,  
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The i t e r a t i o n  is necessary t o  f ind  the va:ues for the parameters 
cont ro l l ing  the conf igura t ion   s ize  that  produces a geometry t h a t  
meets the input requirements,  The order  of t h e  activit ies i n  t h e  
loop of level I11 w i l l  cause the s i z e  t o  b e   e s t a b l i s h e d   f i r s t  t o  
do t he  c ru i se  part of the mission, then the takeoff and landing 
portions,  The cycling w i l l  be computer-controlled by DCA-4. 
Block 111-11, Calculate Finance, C o s t ,  Market  Suitability--The 
configurat ion s iz ing of t h e  first p a r t  of l eve l  111 w i l l  produce 
performance infomation of g r e a t e r   r e l i a b i l i t y   t h a n  w a s  available 
from block 11-5. Thus, t h e  finance and marketing activit ies of 
blocks 11-6 and 11-7 can be repeated t o  obta in  better in s igh t  i n to  
the product  su i tab i l i ty .  This r equ i r e s  the  use  of FNC-1, a 
preliminary design cos t  model, and MKT-4, -5, and -6 t o  evaluate 
the   rou te  system appl ica t ion  on t h e  market model of t h e  
.configuration under consideration. Market s u i t a b i l i t y  and t h e  
forecas t  of sales poten t ia l  can be updated- 
Block 111-12. Define Structural  Concepts  Arranqement”Goa1: 
Define the structural concepts and materials of t h e  airframe 
primary structure. Synthesize the arrangement i n  detai l  adequate  
for preliminary gross s iz ing  but cons is ten t  w i t h  appropriate 
design criteria - 
Ident i fy  the na ture  of the primary s t ructure  for  t h e  major 
airframe components, wing, body, empennage. landing gear and 
nacelles. The materials and structural concepts chosen w i l l  
influence allowable loads and def l ec t ions  tha t  are determined in 
subsequent network event blocks. 
In t eg ra t e  the  major s t r u c t u r a l  elements in to  the  a i r f rame 
geometry i n  a manner appropriate for the structural  concepts ,  
materials used, manufacturing capabilities, and other design 
c r i te r ia ,   Spars ,  ribs, bulkheads,  cutouts,  frames,  stringers, 
kee l  beam, floor beams, longerons, and landing gear support 
structure are located and ident i f ied .  The arrangement of these 
primary structural  elements w i l l  provide for an e f f i c i e n t ,  
durable, low-cmst, and--most important--safe  airframe- Many 
design criteria are involved  In  th i s  synthes is ,  I n  addi t ion t o  
those already mentioned, s t r u c t u r a l  c o n t i n u i t y ,  f a i l  s a f e t y ,  
fatigue, redundance, fuel management, f u e l  tank sea l ing  and 
access, manufacturing capabili t ies and practices, systems space 
envelopes, and certification requirements are some other less 
obvious but important considerations. 
Geometric considerations w i l l  be based on input from block 
111-2 (calculate  geometry) and the output w i l l  provide the 
necessary depth for f i n i t e  element geometry used later in block V- 
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11- The output of t h i s  task  will also be compatible w i t h  
computerized drafting practices and requirements- This w i l l  
provide for use of these  methods and this data  for  layout  and 
design studies a t  levels IV and V and fur ther ,  a f i r s t  basis f o r  
computer-drawn d e t a i l  p a r t s  a t  level V I  @SA-1, -2, -3, -4, and 
DGL-9) 
Block 111-13- Calculate Winq, Body, and Empennaqe Panelinq E 
Weiqht Distributions”Goa1: To provide t h e  necessary information 
for i n i t i a l  s t r u c t u r a l  loads and stress analyses. The required 
information is of the following types: 
a) Airplane  planform and sec t ion  geometry 
b) Airplane  aerodynamic  and  structural panel def in i t ions  
c) A preliminary estimate of t h e  structural   panel  weights,  
center of gravities, and inertias. 
When operating within t h e  IPAD system, items b) and c) w i l l  
be performed by t h i s  a c t i v i t y ,  wh i l e  item a) w i l l  be done by block 
111-2 . 
The program element available for the wing ana lys i s  is WTS-3 
and t h e  program element available for t h e  body/empennage ana lys i s  
is WTS-4, 
Block 111-14. Airplane S t a t i c  Loads--Goal: Calculation of load 
d i s t r ibu t ions  on the major airframe components r e su l t i ng  f r o m  
design oondi t ions (s ta t ic  and g u s t  formulae) and a fatigue mission 
p ro f i l e .  
Wing loads are calculated using a theore t ica l  p ressure  
d i s t r ibu t ion  based on a modified Ktxhemann l i f t i n g   s u r f a c e  theory 
(SLO-1) - This data may be modified to  include effects not  
predicted by theory or previous w i n d  tunnel information, Load 
d is t r ibwions  a re  based  on  the  Weissinger L m e t h o d  (SLO-21, 
yielding spanwise distributions of shear, manent, and torsion 
along the  load reference axis ,  These d is t r ibu t ions  inc lude  
e f f e c t s  of a i r load ,  i ne r t i a ,  and t h r u s t  f r o m  wing-mounted engines, 
Fuselage load dis t r ibut ions are  calculated by summing a 
series of idea l ized  iner t ia  pane ls  (SLO-3) , 
Empennage loads are  calculated as a function of r i g i d  
airframe response t o  cont ro l  or gust  input  and t a i l  off 
aerodynamic cha rac t e r i s t i c s  (SLO-3) - 
Flight  condi t ion data w i l l  be input by a knowledgeable user. 
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Block III-15- Size St ruc ture  for  S t renqth  and Faticme-- Goal: 
Preliminary gross s i z ing  of the primary structure for static 
strength and fat igue (fai l -safe  design)  t o  e s t ab l i sh  a i rp l ane  
s t ructural  weight  and e l a s t i c   r e sponse   cha rac t e r i s t i c s .  
For the structure defined in  block 111-72 and the loads 
calculated i n  111-14 ,  the primary structure i s  sized a t  selected 
sections f o r  static s t rength  and fatigue.  The fatigue analysis 
‘estimates ground-air-ground (GAG) cycle stresses and GAG damage 
ratios. The wing upper panel, lower panel, front spar, and rear 
spar  are  s ized (skin (or  w e b )  thickness and s t i f fen ing  mater ia l )  
and t he  sec t ion  flexural r i g i d i t y ,  t o r s i o n a l  r i g i d i t y ,  and shear 
center location are calculated (STR-1) .  The body upper lobe, 
l o w e r  lobe, deck, and side-wal ls  are  s ized;  and t h e  sect ion 
f lexura l  r ig id i ty  (about  a v e r t i c a l  and a l a t e r a l  axis), to rs iona l  
r i g i d i t y  and shear center location are calculated (STR-2)  . The 
empennage s t ruc tu re  is s i z e d  i n  ‘a manner analogous to the wing, 
Mater ia l  p roper t ies ,  s t ruc tura l  component allowables,  fatigue 
r e l i a b i l i t y  factors, GAG cycle stresses, and GAG damage r a t i o s  for 
locations on major components are obtained f r o m  t h e  da ta  base. 
Elementary beam theory ,  mdi f ied  by e f fec t iveness  fac tors  to  
account for sweep e f f e c t  or s t ruc tura l  d i scont inui ty ,  is used 
instead of t h e  more c o s t l y  finite element analysis. Elementary 
beam theory is technically adequate for a major portion of t h e  
structure:  where it is not ,  past  experience is used t o  modify the 
theory by m e a n s  of effect iveness  factors .  
Block III-16,  F l e x i b i l i t y  Chanqe Siqnificant3”Goal:  A computer 
or m a n  decision on the signif icance of the change i n   f l e x i b i l i t y .  
Loads are calculated for  a given  f lex ib i l i ty ;  the resu l t ing  
strength designed structure is sized;  and a new f l e x i b i l i t y  i s  
calculated, If the change i n  f l e x i b i l i t y  is such that a 
s igni f icant  loads  change would r e s u l t ,  the loads and sizing 
routines (blocks 111-14 and 111-15) are repeated, 
I f  the change is not  s ign i f icant  the resu l t ing  s t ruc ture  is 
weighed (block 1111-17). 
Block 111-17, Calculate Weiqht, Balance, and Loadability - Type 
- B--Goal: TO calculate   type B weight, balance and loadab i l i t y   fo r  
the  configuration which has been s ized for  s t rength and fatigue.  
Accomplishing th i s  ac t iv i ty  involves  technica l  program 
elements that accomplish the following: 
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Execution of the w e i g h t s  update control module (WTS-15) t h a t  
would re-execute only those partions of the weights technical 
program elements whose input had changed 
Calculation of wing primary s t ruc tu re  mass elements based on 
smeared s t ress -s ized  mater ia l  (WTS-5) 
Calculation of body/emFennage primary structure m a s s  elements 
based OR s t ress -s ized  material (WTS-6) 
Calculation of wing secondary structure mass elements (WTS-7) 
Calculation of body/empennage secondary structure mass 
elements (WTS-8) 
Calculation of landing gear mass elements (WTS-9) 
Calculation of nace l le  and strut, propulsion, fixed 
equipment, and standard and operat ional  mass e lements  (WTS- 
70) 
Calculation of f u e l  mass elements (WTS-11) 
Accumulation of mass elements within each structural panel 
and the  ca lcu la t ion  of weight, center of gravi ty ,  and i n e r t i a  
f o r  each structural  panel and for t h e  wing, body, and 
empennage (WTS-12) 
Generation of a weight statement patterned after the AN 9102- 
D format based on the previously calculated m a s s  elements 
(WTS- 13) 
Calculation of to ta l  a i rp lane  mass proper t ies  for various 
points  on the balance diagram and the determination of 
updated panel m a s s  p roper t ies  for recycling through the 
structural analyses of blocks 111-14 and 111-15 (WTS-14) 
The type B weights are suited fo r  s ca l ing -  Data 
communication is shown on f igure  44 and w i l l  be s i m i l a r   i n  level 
IV - 
B l o c k -  111-18 - ". Panel ~ Mgs.s/_Inertia Chanqe Siqnif  icant?--Since  the 
loads analyses are sens i t i ve  t o  panel m a s s  properties', each t i m e  
the weights analyses updates the panel's m a s s ,  center  of grav i ty  
and i n e r t i a ,  t h e  e f f e c t  ok these changes on the loads analyses 
should be examined. If the  pane l  mass properties changes are 
s igni f icant ,  the loads and the  s t ruc tura l  ana lyses  should  be re- 
executed. 
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Block III-19,. . Wadability/OEW Criteria Met3”Goal 1: To compare 
the OEW calculated by the weights analysis, (block 111-17) and the 
OEW,  as s ized  by the- cruise performance analysis (block IiI-3) and 
t o  determine whether the difference between the OEM% is within 
acceptable limits. If the difference is too grea t ,  the  geometry 
module (block 111-2) w i l l  be required t o  resize the configurat ion-  
The required changes are man-controlled i n  the s t ruc tu re  s i z ing  
p a r t  of level 111- 
Goal 2 :  To compare the available forward and aft center-of- 
gravi ty  limits, as determined by khe s t a b i l i t y  and control  
analysis (block 111-6) and t h e  required forward and a f t  center-of - 
gravity balance and l oadab i l i t y  limits, a s  determined by the 
weights analysis (block 111-17) - I f  the  d i f fe rence  between t h e  
required and ava i lab le  center -of -gravi ty  l imi t s  is too great, t he  
geometry module (block 111-2) w i l l  be required to r e s i ze  the 
empennage. I f  the OEW c-g. position does not r e s u l t  i n  a c c e p t a b l e  
airplane balance,  the geometry module (block 1x1-2) w i l l  be 
required t o  ad jus t  t h e  posi t ion of such items a s   t h e  wing and gear 
r e l a t i v e  t o  the body- The requlred changes are man-controlled i n  
the s t ruc tu re  s i z ing  pa r t  of l eve l  111. 
Block 111-20. Do F l u t t e r  Analysisi’”Goa1: Man decision to  
execute or bypass t h e  f l u t t e r   a n a l y s i s .  
Block . 111-21. Equations- of Motion, F l u t t e r  Option”Goa1: 
Formulate the equat ions of motion for f l u t t e r  a n a l y s i s  of t h e  
in i t i a l  s t ruc tu ra l  s i zed  conf igu ra t ion ,  
EQuations of motion f o r  f l u t t e r  a n a l y s i s  of a configuration 
w i t h  high-aspect-ratio wing w i L l  be formulated as a second-order 
system of ord inary  d i f fe ren t ia l  equat ions  w i t h  t h e  generalized 
m a s s  and s t i f f n e s s  matrices (block EM-5) and generalized-forces 
matrices calculated by l i f t i ng - l ine  theo ry  (SF’L-12) - Vibration 
modes calculated from block EM-5 w i l l  be used as generalized 
coordinates - 
 block^ 111-22- F l u t t e r  Analysis-Goal:  Conduct f lu t t e r   eva lua t ion  
of the  in i t ia l  s t ruc ture-s ized  conf igura t ion ,  
A simplified preliminary f l u t t e r  ana lys i s  of t h e  in i t ia l  
s t ruc tura l - s ized  amfigura t ion  w i l l  be performed. The f l u t t e r  
equations w i l l  be solved by either the t r a d i t i o n a l  v-g m e t h o d  
(SFL-10) , t h e  classic B r i t l s h  method (SFL-lI), or an automated 
scheme (SF%-12) - F l u t t e r  results w i l l  be hand-interpreted or 
monitored on an  in te rac t ive  d isp lay  by a f l u t t e r   a n a l y s t  when 
using programs SF%-10, SFL-11- However, using the program SFL-12 
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f l u t t e r  r e s u l t s  a r e  calculated automatical ly .  Flut ter  
s e n s i t i v i t i e s  w i t h  respect  t o  the placement of engines or external  
stores and to  t h e  f u e l  d i s t r i b u t i o n s  w i l l  be presented- The 
purpose is to make an i n i t i a l   f l u t t e r  check which w i l l  be used a s  
a guide i n   r a t i n g  competing configurations,  
Block I11 -23 - Calculate Noise Footprints --Goal : Provide noise 
footpr in ts  for t h e  a i r p o r t  community- 
On completion of t h e  l e v e l  III configuration sizing, noise 
footpr in ts  w i l l  be calculated by t he  noise prediction m o d u l e  (PNZ- 
1 ) -  The foo tp r in t s  w i l l  provide perceived noise level contours 
along the f l i g h t  path f o r  both takeoff and approach, These 
contours predict  the maximum perceived noise levels on the ground. 
Block 111-24- Summarize Performance,  Finance, Cost, and Market 
Suitabil i ty--At t h i s  point ,  the  design sizing of level I11 will 
have  been completed- It will be useful  to collect the most recent  
technical information about the configuration and summarize the 
performance and cost- From there, t h e  market s u i t a b i l i t y  will be 
invest igated-  The performance summary w i l l  be done by PRF-5, 
finance and cost consideration by FNC-1, and the market 
s u i t a b i l i t y  by MKT-4, -5, and -6-  
The u t i l i z a t i o n ,  maintenance, and d i s p a t c h  r e l i a b i l i t y  w i l l  
be assessed-  Probable  route  s t ructures ,  aircraft f l e e t s ,  a i r p o r t  
f a c i l i t i e s ,  and operational and environmental factors are used by 
REL-1 and -4- Additional inputs t o  these  a re  ground service 
equipment and a i rp l ane  in t e rac t ions  a s  w e l l  a s  maintenance time 
data produced by REL-6 t o  -13 and -15 to  -40- Also included is a 
determination of the capabi l i ty  t o  change an engine within a t i m e  
i n t e rva l  compatible w i t h  the planned u t i l i z a t i o n ,  This i s  a 
manual ’ review 
Block 111-25. Confiquration  Acceptable”Goa1: Man decision based 
on a review of the  effects of the primary st ructure  def in i t i on  on 
t h e  performance, noise levels, cost, and market  s u i t a b i l i t y  of t h e  
f ina l  airplane Configuration analyzed i n  level 111. Blocks 111-23 
and 111-24 provide data for this review- 
Block 111-26- Modify Confiquration or  Mission--There are t w o  
options f r o m  a nega t ive  r e su l t  i n  block 111-25- The designer may 
elect t o  r e t a i n  the design mission and criteria and re turn  t o  the 
beginning of level XI1 t o  res ize ,  us ing  d i f fe ren t  s iz ing  rules, or 
the designer may re turn  the  design sequence,to level I1 t o  
evaluate the effects of an alternate design mission- 
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6.2 -3 - 4 Level IVT-Conf iqura t ion  Refinement 
The goal of level IV is t o  r e f i n e  a configuration by applying 
m o r e  advanced ana lys i s  methods t o  the design, Competing 
configurations may be evaluated based on level I1 and level I11 
data, provided that su f f i c i en t  conf igu ra t ion  s imi l a r i t y  ex i s t s  to  
ensure that  consistent analysis techniques have been used. 
Therefore, only the best  configurat ion of each type w i l l  be 
selected for  configurat ion ref inement  in  level IV. (See f ig s .  28 
through 34 . 1 
&lock IV-I. Develop Level IV Inputs--The design and analysis 
activit ies of level I11 have enriched the data base about' the 
configuration, These new data, as w e l l  a s  c r i t e r i a  and 
cons t r a in t s  f r o m  l e v e l  11, w i l l  be pu t  i n to  forms suitable for the  
level IV analys is  methods. This action w i l l  be supported 
primarily by the data  base manager- Additionally, user inputs  and 
information f r o m  the data base not previously required w i l l  be 
establ ished-  This ac t iv i ty  is shown symbolically a t  t h e  head of 
level IV, but due t o  the interact ive nature  of  level IV, t h e  data 
prepara t ion  ac t iv i ty  may be done selectively throughout level IV. 
Block- . "_____ XV-2,_ - WingpPrelJninary Aerodynamic Desiqn,  Parametric 
Definition--Goal: To determine  whether the parametric 
d i s t r ibu t ions  of wing thickness camber, t w i s t ,  and shear can be 
successfully developed into a va l ld  wing f o r  subsequent wind 
tunnel   t es t ing  . 
The geometry design of level 111 done by modules DCA-1, DGL- 
1, and PRO-1 i n  block 111-2 w i l l  specify parametrically a wing 
thickness, caber, t w i s t ,  and shear  d i s t r ibu t ion .  The a c t i v i t y  i n  
this block is t o  determine whether the wing so generated is 
s u f f i c i e n t l y  close to  an aerodynamically suitable definit ion,  I f  
not ,  the  degree of modification required w i l l  be invest igated t o  
see i f  the r e s u l t s  of level I11 are inval idated.  
The inves t iga t ion  of the  parametr ic  wing uses t h e  geometry 
module (DGL-1) t o  turn  the  parameters  in to  wing contours. The 
design/analysis is driven by module ARO-2, which uses m o d u l e  ARO-1 
t o  provide wing and body pressures. The design/analysis proceeds 
o n l y  f a r  enough to  determine the s u i t a b i l i t y  of t h e  wing. The 
wind tunnel  m o d e l  design w i l l  be completed l a t e r .  
Block IV-3, Geometry Chanqe?"Goal: To decide whether t o  modify 
the Level 111. wing d e f i n i t i o n -  
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The design/analysis of block IV-2 w i l l  determine whether the 
wing from level I11 can be developed with only minor modifications 
into  a wing l i k e l y  to produce the desired performance in a wind 
tunnel test. I f  the upper isobar pattern and span load design 
objectives can be m e t  with minor camber or twist changes, the w i n g  
w i l l  be acceptable and t h e  network flow w i l l  procede t o  block IV- 
4, I f ,  however, major camber and twist or thickness modifications 
are suggested,  the design process m u s t  r e turn  to the s t a r t  of 
level 111 to incorporate these modifications into the design, 
Block IV-4, Stabi l i ty  and Control  Analvsis"Goa1: The 
preliminary design sizing of the a i rp lane  conitucted i n  level III 
is analysed i n   d e t a i l  to decide what changes are required ( i f  m y )  
t o  the tail and control  surfaces  t o  meet specif ic  design 
requirements and provide good t ly ing  qua l i t i es ,  Analys is  of t h e  
configuration provides data whereby a computerized p i l o t  model, in  
conjunction w i t h  a handl ing qual i t ies  es t imator ,  w i l l  ou tput  p i lo t  
r a t i n g  numbers for  spec i f ic  d i s turbances  or maneuvers. In  
addition t o  the simulat ion,  cer ta in  checks are made t o  establish 
that ai rp lane  cont ro l  capabi l i ty  i s  adequate t o  meet spec i f i c  
requirements-par t icular ly  cri t ical  for low-speed performance such 
as  landing  f la re ,  minimum control speed, and roll  response, 
Analysis of the airplane control and dynamic s t a b i l i t y  
cha rac t e r i s t i c s  is achieved using technical program elements (S&C- 
3, -4, -5, -12, -13, -14, and -17) to ca lcu la te  aerodynamic 
parameters.  These  programs  analyze t h e  airplane configurat ion 
using estimated aerodynamic data or wind tunnel data,  i f  
available,  and provide the long i tud ina l  l a t e ra l  and d i rec t iona l  
static and dynamic der ivat lves ,  including control  surface e f f ec t s ,  
necessary for dynamic ana lys i s  and simulation, Standard textbook 
and data  sheet  methods are used t o  compute aerodynamic der ivat ives  
which are  factored,  where appropriate,  by aeroe las t ic  cor rec t ion  
factors ob ta ined  in i t i a l ly  from l e v e l  I11 analysis (blocks 111-14, 
and 111-15) and f i n a l l y  (when addi t ional  passes  through level  IV 
occur) , from level IV analys is  (blocks IV-45, and IV-46) * 
An assessment of the a i rp lane  dynamic s t a b i l i t y  and cont ro l  
cha rac t e r i s t i c s  is achieved by S & C - 6 ,  which uses small. disturbance 
theory to provide response characterist ics,  frequencies,  periods,  
times to damp, etc- 
A computerized p i l o t  model in  conjunct ion  with a handling 
qua l i t i es  eva lua tor  (SEC-18) is used i n  a d d i t i o n  t o  the dynamic 
charac te r i s t ics  program (SEC-6) t o  provide information on the 
a i rp l ane  f ly ing  qua l i t i e s  by ou tpu t t ing  p i lo t  r a t ing  numbers 
(based on t h e  C o o p e r  sca le )  for  spec i f ic  d i s turbances  and 
maneuvers .. 
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Additional technical program elements (SEC-7, SEC-8, 5232-9, 
SEC-10, SGC-11) perform specif ic  control  effect iveness  checks t o  
meet requirements: 
CHECK REQUIREMENT 
Takeoff r o t a t i o n  
Landing f l a r e  
Minimum control  speed, ground m e e t  low-speed 
Minimum control speed, a i r  
Roll response criteria--all 
speeds 
I Adequate control  t o  performance 
Block IV-5. Update Weiqhts (Type B) --Goal: To update the weights 
based on m i n o r  changes t o  the conf igura t ion  in  order  t o  achieve 
accep tab le  s t ab i l i t y  and control.  These changes a r e  of a minor 
nature in tha t  they  do n o t  result in a geometry change t h a t  would 
a f f e c t  the ent i re  design;  instead they would pr imar i ly  a f fec t  the 
weight. An example might be to  change from a single-hinged t o  a 
double-hinged rudder. 
To account for these changes, the followinq weights technical 
program elements  would be used: 
For purposes of increasing the accuracy and decreasing the 
computational time requ i red  to  perform t h e  weights analysis, 
it would be desirable  to  deveiop a weights technical program 
element (WTS-15) which would re-execute only those portions 
of the weights programs whose input had changed 
Update of t he  wing secondary structure mass elements (WTS-7) 
Update of t h e  bodylempennage secondary structure mass 
elements (WTS-8) 
Update of the  f ixed  equipment mass elements (WTS-10) 
Generation of a weight statement patterned after the AN9102-D 
format based on the previously calculated mass elements ( W T S -  
13) 
Block IV-6- G e o m e t r y  ChanqeS”Goa1: Determine whether  changes i n  
tail surfaces or f l i gh t  con t ro l  su r f aces  are required. 
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This decision is manual; therefore, human judgment w i l l  be 
required. If the s t a b i l i t y  and cont ro l  charac te r i s t ics  (XV-7) 
show a s t ab i l i t y  de f i c i ency  or a control  effect iveness  well below 
the requirement, a geometry change decision is clear ly  indicated,  
and a r e tu rn  is made t o  l e v e l  111, H o w e v e r ,  control  surface 
effectiveness increases causing only small  &anyes to  the 
configuration can be acconnnodated with an update in weights (block 
IV-5) and recycle through the s t a b i l i t y  and control  analysis  
(block 1V-4) . 
Block IV-7, S t a b i l i t y  and Control  Acceptable7"Goal:  Determine 
if t h e   s t a b i l i t y  and control requirements have been s a t i s f i e d .  
This  is a manual decision, Human judgment w i l l  be exercised 
in  the  in t e rp re t a t ion  of the crlteria and t o  determine whether 
the re  is need t o   r e c y c l e  the event, 
Block IV-8. S t a r t  Wind Tunnel Model?--Goal: Decision t o  be made 
about  s tar t ing the design of a cruise-shape wind tunnel m o d e l  f o r  
t e s t i n g   i n   l e v e l  V. 
This  is a man decision influenced by ccmfidence gained i n  the 
aerodynamic, s t a b i l i t y ,  and control design anaIyses performed i n  
blocks IV-2 and IV-4. Wind tunnel model construction requires up 
to  th ree  months design lead time; hence, an in t e l l i gen t  dec i s ion  
can shorten the time required to  develop a anf igura t ion  des ign  i n  
l e v e l  V, This  decision i s  considered each time t h i s  p o i n t  i n  the 
network is passed, 
Block IV-9. Size  Actuators"Goa1: The prel iminary s iz ing of a l l  
control system actuators t o  improve the airplane weight  estimates 
and a s s i s t  i n  h y a a u l i c  power requirements and system def in i t ion ,  
f lu t te r  cons idera t ions ,  and physical space requirements 
def in i t ion .  The design functions of r e l i a b i l i t y  and redundancy 
analyses, f l i g h t  c o n t r o l  system synthesis  and analysis ,  and 
actuator sizing occur in preliminary detail i n  level IV so t h a t  
system de f in i t i on  and subsequent airplane refinements w i l l  not  
cause t ransients  in  l eve l  V, The absence of wind tunnel  hinge 
moment data and aeroe las t ic  cor rec t ion  da ta  is t h e  reason the 
ac tua tor  s iz ing  is preliminary. 
Rigid control surface hinge moment coe f f i c i en t s  for a l l  
f l i gh t  con t ro l  su r f aces  are establ ished by preliminary analyses 
using theoretical estimates or  h i s tor ica l  da ta ,  Technica l  program 
elements (SEC-15, 1 6 )  using estimated aeroelastic corrections 
based on h i s t o r i c a l   d a t a  for subsonic transport airplanes compute 
the actuator requirements. I n  addi t ion,  the actuator  s iz ing 
depends on the  (FCS-17) program used for defining redundancy and 
re l iab i l i ty .  Cont ro l  sur face  ac tua tor  ra te  requi rements  a re  
specif ied from past experience gained on s i m i l a r  a i r c r a f t ,  
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Block. IV-.lo,  ~ Reliability and Redundancy Anal.ysis--Goal (1) : To 
e s t a b l i s h   t h e   r e l i a b i l i t y  and redundancy of t h e   a i r c r a f t  and its 
systems 
The f l ight  control  system is examined by ITS-17, Previously 
assumed levels of redundancy are compared wi th   s e l ec t ed   c r i t e r i a  
t o  assure that  selected control  systems and supporting systems are 
adequate, 
Goal ( 2 ) :  To establish safety requirements and a l loca t ions ,  
Ground and f l i g h t   s a f e t y  must be considered in design and 
evaluat ion,  Inf  l ight  safety is a function of t h e  man/machine 
performing i n  the  overa l l  opera t iona l  environment.  Requirements 
and a l loca t ions  fo r  i n f l i gh t  s a t e ty  a re  developed from h i s t o r i c a l  
data  and the  projected  design  mission  prof i le-  
Ground safety is af fec ted  by the aerospace vehicle  i tself  and 
i ts  operation and interface with ground operations equipment, 
personnel, and f ac i l i t i e s -  Sa fe ty  a l loca t ions  and requirements 
evolve from consideration of these  fac tors  and h i s t o r i c a l  s a f e t y  
problems in  r e l a t ion  to t h e  projected ground operations- 
Development of safety design requirements and a l loca t ions  i s  
a manual function, 
Goal (3): To e s t a b l i s h  r e l i a b i l i t y  and maintainabili ty 
requirements and a l loca t ions  
B o t h  i n f l l g h t  and d i s p a t c h   r e l i a b i l i t y  m u s t  be considered i n  
des ign  eva lua t ion .  Inf l igh t  re l iab i l i ty  is mainly a function of 
i n h e r e n t  r e l i a b i l i t y  of t h e  alrplane equipment- Requirements and 
a l loca t ions  for i n f l i g h t   r e l i a b i l i t y   a r e  developed from h i s t o r i c a l  
data  and the projected design mission profile.  
D i spa tch  r e l i ab i l i t y  is affected by avai lable  ground time, 
capabi l i ty  t o  defer and perform maintenance required t o  dispatch 
i n  t h e  t i m e  avai lable ,  and the i n h e r e n t   r e l i a b i l i t y  of the  
aerospace system equipment- Both r e l i a b i l i t y  and maintainabi l i ty  
requirements and allocations evolve from consideration of these 
f a c t o r s  and h i s to ry  i n  r e l a t i o n  t o  the projected design mission 
prof i le .  
Development of r e l i a b i l i t y  and maintainabi l i ty   design 
requirements and a l loca t ions  is a manual function, supported by 
REL-6 t o  -13, REL-15 to  -40, and REL-42 . 
Goal (4) : To evalua te  fa i lure  mode e f f e c t s  and determine 
needed corrective action. This analysis focuses on r e l i a b i l i t y ,  
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maintainabili ty,  and sa fe ty  problems and serves a s  a s t a r t i n g  
point ton quan t i t a t ive   sys t em  r e l i ab i l i t y  and safe ty   ana lyses-  
The e f f e c t  of f a i l u r e  of a l l  i d e n t i f i e d  functions and 
components is determined within the system for each failure mode, 
Means of r ecogn iz ing  the  f a i lu re  and compensatory provisions and 
procedures are i d e n t i f i e d -  O r d e r  of probabi l i ty  of Occurrence of 
the event is assessed.. 
Performance of the f a i l u r e  mode e f f ec t  ana lys i s  is manual- 
Output is a tabulat ion by functlon or component of fac tors  
associated with its f a i l u r e  m o d e s .  
G o a l  ( 5 ) :  To ident i fy  faul t  hazards  associated with 
operation of the system and their  safeguards, 
A faul t  hazard analysis  is a t abula t ion  of a l l  hazards 
iden t i f i ed  w i t h  operation of the system thraugh each phase of 
operation-  Function, component, opera tor   fa i lures ,  and 
combinations of fa i lures  causing the hazard are  ident i f ied,  O r d e r  
of probabi l i ty  for each  combination is assessed.  Canpensatory 
p rov i s ims  and/or procedures are iden t i f i ed ,  
Performance of the f a u l t  hazard analysis is manual- Output 
is a tabulat ion by hazard of factors associated w i t h  its 
occurrence. The analysis  is supported by REL-6 t o  -13, REL-15 to 
-40, and R E L - 4 2 -  
Goal ( 6 )  : To assess r e l a t i v e  merits of t h e  f l i g h t  c o n t r o l  
system design trade studies and assess  the overall system f r o m  the 
standpoint of s a fe ty  and r e l i a b i l i t y .  
F l igh t  sa fe ty  and redundancy of f l i g h t  c o n t r o l  s y s t e m s  i n  a l l  
f l i g h t  phases and design conditions are studied. Fault t ree  (REL- 
5) analysis is used for overa l l  a i rp l ane  f l i gh t  s a f e t y  assessment 
of the control system. 
Redundancy s tudies  within the f l i gh t  con t ro l  subsystems are 
performed w i t h  the COBRA (REL-3), the ARMM mEL-2) , and CTS(REL-14 
and 41) programs.. 
Block IV-11,  Entered at M?--This is a computer  decision.. In a 
pass-through of level IV, the f l i g h t  c o n t r o l  system is  analyzed 
wi th  r ig id  body modes plus quas i - s ta t ic  aeroe las t ic  cor rec t ions  in  
1V-12 and w i t h  elastic body modes in IV-53- The analysis  mode i n  
IV-53 decides tha t  further passes through IV-12 are unnecessary, 
B l o c k  IV-12. Fl iqht  Control  System Synthesis and Analysis”Goa1: 
Fl ight  control  system gains  and compensation f i l t e r s   a r e   s e l e c t e d ,  
The f l i gh t  con t ro l  system design is necessary t o  provide required 
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a i rp lane  handl ing  qua l i t i es ,  ‘Components of t h e   f l i g h t  control 
system are sized for  weight  considerat ions.  
Optimal control  theory (FCS-3, FCS-6, and FCS-7) is used to  
automate the parameter sizing process f o r  each f l igh t  condi t ion ,  
The generalized inverse technique (XS-4 or FCS-5) is used t o  
force parameter compromises necessary for s a t i s f y i n g  t h e  f l i g h t  
control system over t h e  e n t i r e  f l i g h t  envelope. The re su l t i ng  
control system is analyzed for stabi l i ty  margins by use of 
c l a s s i c a l  l i n e a r  controls analysis techniques (root locus,  Bode, 
etc-, FCS-1 or FCS-21 . The preceding programs (FCS-1 and FCS-2) 
perform dynamic response checks to  evaluate the compliance w i t h  
a i rp lane   handl ing   qua l i t i es  criteria. 
Another  computer  program  development (FCS-12) is required t o  
s i z e  f l ight  control  system hardware f o r  a weights assessment. 
The equations of motion for this level consist of r i g i d  body 
modes with static ae roe la s t i c  corrections ( I T S - 1 1 )  instead of the  
more c o s t l y  e l a s t i c  mode representation, The gains and 
compensation would be tempered to  a n t i c i p a t e   e l a s t i c  m o d e  
problems. 
The en t i re  f l igh t  cont ro l  sys tem synthes is  process  is 
automatic a t  this design level ,  H o w e v e r ,  a knowledgeable operator 
is required to intervene if problems develop during on-line 
operation, 
Block IV-13- FCS Criteria M e t ? - + & :  Determine  whether t he  
f l i gh t  oon t ro l  system c r i t e r i a  have been satisfied. 
This decision is manual, and human judgment may be exercised 
in the  in te rpre ta t ion  of t h e  c r i t e r i a ,  I f  d e f i n i t e  control system 
d i f f i cu l t i e s  a re  p re sen t ,  the design process is stopped and a 
review is held. 
Block IV-14.  Technical R e v i e w  t o  Determine Action”Goa1: 
Determine resired ac t ion  such as turther control system 
refinements, and modification of c r i t e r i a ,  a i r p l a n e ,  or f l i g h t  
envelope. 
These decisions w i l l  generally be a comittee function 
outs ide of t h e  IPAD system, 
Block IV-15, Update Propulsion System Desiqn--Goal:  Update all 
propulsion system data  t o  show the etfects of the propulsion 
ins ta l la t ion  ana lys i s  (b lock  IV-15a) . 
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A l l  propulsion and noise  data w i l l  be updated to concur with 
t h e  current propulsion system configuration i n  accordance w i t h  
block IV-15a. 
block IV-15a. Propuls ion  Instal la t ion Analysis”Goa1: Analyze 
and refine the  instal led propuls ion system i n  a p a r a l l e l   e f f o r t  to 
the IPAD mainstream. 
Al propulsion and noise disciplines w i l l  be involved in the 
ana lys i s  and refinement of the installed propulsion system- This 
effort  will involve such areas as inlets, nozzles and thrust 
reversers, acoustic treatment,  airbleed and horsepower ex t rac t ion  
requirements, accessory equipment, and t he  bare engine components 
(compressor, tu rb ine ,  etc-) - The e f f o r t  may requi re  t h e  use of 
propulsion and noise  modules (PRO-1, -2, -3, -4, -5, and -6 and 
PNZ-1)  . 
Block IV-16, I n s t a l l e d  Thrust/SFC Chanse Siqnif icant l”Goa1 (1) : 
To evaluate the change i n   t h e  installed t h r u s t  or spxi f ic  f u e l  
consumption - 
The performance and s i z ing  ca l cu la t ions  of level 111 assumed 
an ins t a l l a t ion  pena l ty  t o  t h r u s t  and SFC based on historical or 
empirical values. While the level 111 and level I V  analyses were 
conduct&, outside activity has been conducted to establish by 
ana lys i s  and tests more accurate  values  for t h e   i n s t a l l e d   t h r u s t  
and SFC, I f  these va lues  d i f f e r  s ign i f i can t ly  from those assumed 
in the s i z i n g  a c t i v i t i e s ,  the  design must be returned to  level I11 
to  be resized-  
Block IV-17- Systems Desiqn”Goa1 (1) : To define s y s t e m  concepts 
and s i z ing  criteria i n   s u f f i c i e n t   d e t a i l  t o  e n s u r e  that design 
requireroents &re i d e n t i f i e d  and provide sizing information for 
weight and balance estimating. 
Flight Control System--Schematic diagrams are developed for each 
cont ro l  system using data developed by F‘CS-12, -15, and -17 and 
STM-2, -3, and -4 = C r i t i c a l  mechanical elements, such as control  
mixers and feedback concepts, are i d e n t i f i e d  and design criteria 
are established. Actuator sizing and redundancy criteria are 
developed by network blocks IV-9  and IV-10 and the ac tua to r s  a re  
sized by FCS-15, 
Landing Gear--Schematic diagrams are developed for the brake 
system and t h e  s t ee r ing  system. Slzing criteria for t h e  brakes, 
wheels, tires, and s t e e r i n g  a r e  developed (STM-14, -15, and -18) . 
Hydraulics--A schematic diagram is developed for the  hydraul ic  
system. Load ana lys i s  inputs  are used to determine fluid flow 
requirements, es tab l i sh  d i s t r ibu t ion  pa ths ,  and s i z e  pumpsc Load- 
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balancing -and component-sizing trades are conducted (ST“2, -3, 
and -4) . Critical hydraulic system items are iden t i f i ed  and 
des ign   c r i te r ia   es tab l i shed  - 
A u x i l i a r y  P o w e r  U n i t  (MU)- -A  load schedule is determined f o r  
s h a f t  power and air flow (STM-8). Critical considerations, such 
as capabi l i ty  for  in f l igh t  s t a r t i ng ,  a r e  iden t i f i ed  and design 
c r i t e r i a  e s t ab l i shed .  
Environmental Control System (ECS) --Schematic diagrams a r e  
developed f o r   t h e  ECS s y s t e m  and the pneumatic c o n t r o l  and 
d i s t r ibu t ion  system. Propulsion and APD i n t e r f aces  a re  
established. Load analysis  inputs  are used t o  determine 
requirements for heating and cooling cycles (STM-10, -11 and -12) 
Critical considerations such as temperature pulldown capab i l i t y  on 
a hot day are iden t i f i ed  and design cri teria establ ished-  
Electrical Power System--A schematic diagram is developed for the  
e l e c t r i c a l  power system. Load analysis inputs are used to 
determine p o w e r  generation  requirements (STM-20) - System 
arrangement trade studies provide init ial  optimization of 
equipment re la t ionships  (ST”21) . Crit ical  considerat ions such as  
loads requiring source redundancy are evaluated and design 
c r i t e r i a  e s t ab l i shed-  
Avionics--Mission p ro f i l e   da t a  are used to determfne requirements 
for avionic subsystems: navigat lon,  f l ight  instruments ,  
communication, weather  radar ,  u t i l i t i es ,  and advisory equipment. 
E lec t r i ca l  and cooling  loads are determined (STM-13). C r i t i c a l  
considerations, such as category 1lIa  landing capabi l i ty  and 
requirements for  antenna locations,  are evaluated and design 
c r i t e r i a   e s t ab l i shed ,  
Fuel System--Schematic diagrams are developed for the  following 
f u e l  subsystems: r e fue l ,  fue l  ven t  and surge, and engine fuel  
feed- Flow ra t e s ,  r e fue l  time, etc,, a r e  used to e s t a b l i s h  l i n e  
s i z e s  (STM-26, -27 ,   -28 ,  -29, and -30) - C r i t i c a l  considerations 
such as pressure  cons t ra in ts ,  va lve  fa i lure  cases ,  wing 
def lect ions,  and quantity gauging requirements are iden t i f i ed  and 
design criteria established. 
Goal ( 2 )  : Comparative evaluation of design trade study 
configurations and assessment of configurations against  the 
re l i ab i l i t y ,  ma in ta inab i l i t y ,  and safety requirements and 
a l loca t ions  - 
Fault  tree simulation (REL-5) ,  computerized Boolean 
r e l i a b i l i t y  a n a l y s i s  (REL-3). automatic reliabil i ty mathematical  
modeling @EL-2) , and CTS (REL-14 and -41) a r e  used for s t u d i e s  a t  
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t h i s  level, Program selection depends on problem  and  system 
complexity and comparative factors selected for evaluation. 
B l o c k  IV-18. U p d a t e  Weiqhts - Type B (Nonstructural)  "Goal: To 
calculate updated mass propert ies  for t h e   n m s t r u c t u r a l  items t h a t  
may have changed since ana lys is  by block 111-17, The primary 
changes w i l l  be t o  the propulsion groups (block IV-1s) and t h e  
systems groups (block IV-17) - 
To accomplish this act ivi ty  the following technical program 
elements are  involved : 
To increase the accuracy and decrease the computational t i m e  
required to perform the weights analysis, develop a weights 
t e d m i c a l  program element (WTS-15) which would re-execute 
only those portions of the weights programs whose  input had 
changed 
Update landing gear mass elements (WTS-9) 
Update nacel le  and s trut ,  propulsion, fixed equipment, and 
standard and operat ional  mass elements (WTS-10) 
Update f u e l  mass elements (WTS-11) 
Accumulate mass elements  within each s t ructural  panel  and 
calculate weight,  c-g., and i n e r t i a  for each s t ructural  panel  
and for the wing, body, and empennage (WTS-12) 
Generate a weight statement patterned after t h e  -9102-D 
format hased on the previously calculated mass elements (WTS- 
13)  
Calculate total ai rp lane  mass propert ies  for t h e  various 
points on the balance diagram and determine of updated panel 
mass propert ies  for structural ana lys i s  blocks IV-20 and IV- 
21 (WTS-14) 
Block IV-19. Entered a t  M?--This is a computer decision. A t  t h i s  
psitian i n  the design cycle r epe t i t i on  of blocks IV-20 through 
IV-53 is not necessary,  because this is the  l a s t  cycle for the 
particular design case under investigation. 
Block IV-20. Airplane Static Loads-Goal: Calculation of load 
d i s t r ibu t ions  on t h e  major airframe components r e su l t i ng  from 
design conditions (static and gust formulae) and a fatigue mission 
p ro f i l e .  
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Wing loads are calculated using a theoret ical  pressure 
dis t r ibut ion based on a modified Kuchemann l i f t i n g   s u r f a c e  theory 
(SLO-1) - This data may be modified t o  inc lude  e f fec ts  no t  
predicted by theory or  previous w i n d  tunnel information. -ad 
distributions are based on the Weissinger L method (SLO-2), 
yielding spanwise distributions of shear,  manent, and tors ion  
along the load reference axis.  These dis t r ibut ions include 
e f f e c t s  of a i r load ,  i ne r t i a ,  and t h r u s t  from wing- mounted 
engine s . 
Fuselage load distributions are calculated by summing a series of 
idea l ized  iner t ia  pane ls  (SLO-3). Empennage loads are calculated 
a s  a func t ion  of  r ig id  airframe response to control or gust input 
and t a i l  off aerodynamic ch rac t e r i s t i c s  (SLO-3) . P l i g h t  condition 
data  w i l l  be input  by a knowledgeable user. 
Any requirements for loads on secondary structure will be met 
by hand calculations based on data from a s imilar  past  
configuration - 
Block IV-21. ~ . . Size  Structure   for   Strenqth and Fatique--Goal: 
Preliminary detailed sizing of the primary s t ruc tu re  f o r  static 
strength and fa t igue  ( fa i l - sa fe  des ign)  to improve estimates of 
airplane s t ructural  weight  and elastic response characterist ics.  
For the s t ructural  arrangement  and structural  concepts 
defined i n  111-12, t he  s i z ing  e s t ab l i shed  in  111-15, and the loads 
ca l cu la t ed  in  I V - 2 0 ,  t h e  primary s t ruc tu re  is sized a t  the 
s e l e c t e d  s e c t i o n s  f o r  s t a t i c  s t r e n g t h  and fatigue.  The w i n g  upper 
panel and lower panel skin-stringer segments and t h e  f r o n t  and 
rear spar web thicknesses (and s t i f fen ing  mater ia l )  a re  s i z e d  f o r  
t h e  most c r i t i c a l   c o n d i t i o n s   ( s t a t i c   s t r e n g t h  or fat igue)  .) 
Addi t iona l ly ,  the  sec t ion  f lexura l  r ig id i ty ,  to rs iona l  r ig id i ty ,  
and shear  center  locat ion are calculated (STR-3  and STR-5). The 
fuselage semimonocoque skin-s t r inger  segments a re  s ized  in  user -  
defined subsets (e.g,,  upper lobe, lower lobe, deck, sidewalls, 
etc.). Sect ion f lexural  r igidit ies (about a v e r t i c a l  and l a t e r a l  
a x i s ) ,  t o r s i o n a l  r i g i d i t y ,  and shear  center  locat ion are  
calculated (STI3-4 and STR-5). The empennage s t ruc ture  i s  s i zed  in  
a manner analogous to  the wing. 
Mater ia l  propert ies ,  structural component a l lowables ,  fa t igue 
r e l i a b i l i t y   f a c t o r s ,  and d e t a i l  f a t i g u e  r a t i n g s  for major 
component s t ruc tu re  are obtained f r o m  t h e  data base,  
Elementary beam theory, m d i f i e d  by e f fec t iveness  fac tors  to  
account for sweep e f f e c t s  o r  s t ruc tura l  d i scont inui t ies ,  i s .used  
instead of t h e  more costly finite-element analysis.  Elementary 
beam theory is technically adequate for a major portion of the 
s t ruc ture-  For those regions where elementary beam theory i s  not 
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technically adequate, past experience is used to modify the theory 
v i a  the  e f f ec t iveness  factors, 
Block IV-22, F l e x i b i l i t y  Chanqe Siqnificant'Z"Goa1: A computer 
or m a n  decision on the significance of the b a n g e   i n   f l e x i b i l i t y .  
Loads are calculated for a g iven  f lex ib i l i ty ;  the  resu l t ing  
strength designed structure is sized: and a new f l e x i b i l i t y  is 
calculated.  If the change i n  f l e x i b i l i t y  is such that a 
s ign i f i can t  loads change would resu l t , loads  and s iz ing  blocks IV- 
20 and IV-21 are  repeated,  If the  change i s  not  s ign i f icant ,  t h e  
resu l t ing  s t ruc ture  is weighed (block IV-23)  - 
Block IV-23. Update Primary  Structure Weishts--Goal: To update 
the pr imary s t ructure  weight based on the refined skin/stringer 
mater ia l  s i z e s  supplied by the stress ana lys is  in  b lock  IV-21 and 
present the r e s u l t s   i n  the form of a weight  statement i n  order 
t h a t   t h e  structural concepts can be evaluated- 
Accomplishment of t h u  ac t iv i ty  invo lves  t echn ica l  program 
elements that: 
Execute the weights update control module (WTS-15) that  would 
re-execute only those portions of t h e  migh t s  t echn ica l  
program elements whose input had changed. 
Update wing primary structure mass elements based on stress- 
sized skin/stringer material  (WTS-16) - 
Update body/empennage primary s t r u c t u r e  mass elements based 
on stress-sized skin/stringer material (WTS-17) - 
Update wing secondary structure mass elements (WTS-18, WTS- 
7 )  - 
U p d a t e  body/empennage secondary structure mass elements (WTS- 
1 9  or  WTS-8) 
Generate a weight statement patterned after the AN 9102-D 
format based on the previously updated mass elements (WTS- 
13) . 
Block IV-24. Struc tura l  Concepts  Satisfactory?--Goal:  Provide 
for invest igat ion of a l t e r n a t e  structural concepts and 
arrangements - 
R e v i e w  the s t ructural  concepts  and arrangements i d e n t i f i e d  i n  
block 111-12 and sized i n  block I V - 2 1  for possible areas  of 
improved efficiency, Should the design be judged adequate, work 
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would commence a t  block IV-25. Should an improved design be 
required, it would be i den t i f i ed  in  b lock  IV-24a- 
This decision is manual and heavily influenced by judgment 
relative t o  producibi l i ty   and  r isk,  
Block IV-24a. Redefine- S t ruc tu ra l  Concepts and Arranqements" 
G o a l :  optimization of s t ructural  concepts  and arrangements. 
Alternate structural concepts and arrangements would be 
inves t iga ted  for  those  areas ident i f ied  as candidates  for  improved 
s t ruc tura l  e f f ic iency  in  b lock  IV-24 .  Siz ing  fo r  s t r eng th  and 
fatigue (block IV-21)  of the or iginal  concepts  and arrangements 
(block 111-12) has provided a base l ine  fo r  t r ade  s tud ie s  of 
possible a l te rna te   des igns ,  
Input data from DSA-1, -2 ,  -3, and -4 would be modified using 
the  in t e rac t ive  des ign  tool of DSA-5- Al of t h e  considerations 
of block 111-12 w i l l  be involved i n  a process heavily influenced 
by manual judgment i n  the interact ive process .  STR-3, -4, and -5 
would provide s t ructural  s iz ing data  upon w h i c h  t h i s  judgment 
would be based, The modified concepts and arrangements would then 
be resized in  block IV-21 t o  provide a new basel ine airframe 
s t ruc tu re  @SA-1, -2, -3, -4, and -5, and DGL-7 and -9) . 
Block IV-25- Update  Weiqht,  Balance. Loadabili ty,  and I n e r t i a  
B) " G o a l s  To ca l cu la t e  t ype  B weight, balance, and 
loadab i l i t y  fo r  the configuration which has  been sized for 
s t rength  and fa t igue ,  The primary structure weights are based on 
s t r e s s - s i zed   sk in l s t r inge r  material. 
Most of the technica l  program e lements  required t o  support 
t h i s   a c t i v i t y  w e r e  executed i n  blocks IV-18 and IV-23- The 
addi t iona l  technica l  program elements required would be: 
Execution of weights update control "15) 
Update  of f u e l  mass elements  (WTS-11) 
Accumulation of mass elements within each structural  panel 
and calculation of weight, center of gravi ty ,  and i n e r t i a  f o r  
Generation of a weight statement pa t t e rned   a f t e r   t he  AN9102-D 
format based on the previously updated m a s s  elements (WTS-13) 
Update of to ta l  airplane mass proper t ies  for  var ious  poin ts  
on the balance diagram and update of panel mass proper t ies  
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for  recycl ing through the s t ructural  analyses  blocks IV-20 
and IV-21 (WTS-14) 
Block IV-26, Panel  Mass/Inertia Chanqe Siqnificant?--Goal:  Since 
the loads analyses  are sens i t i ve  t o  panel mass properties, each 
time t h e  weights analyses updates the panel's mass, center of 
gravi ty ,  and i n e r t i a ,  t h e  e f f e c t  of these changes on the loads 
analyses should be examined. If the panel mass properties changes 
a r e  s i g n i f i c a n t ,  the loads and the structural  analyses should be 
re-executed. 
Block IV-27, Loadabi l i ty/OEW C r i t e r i a  Met?--Cbal 1: To compare 
the  OEW which i s  calculated by the weights analysis (block IV-25) 
and the  requi red  OEW as s ized  by the c ru i se  performance analysis 
(block 111-3) and t o  determine whether the difference between the  
OEM's are within acceptable limits, I f  t h e  d i f f e r e n c e  is too 
great ,  the  geometry module (block 111-2) w i l l  be required t o  
r e s i ze  the configuration- The required changes are man-controlled 
i n  level I V -  
Goal 2: To compare the available forward and af t  cen ter -of -  
grav i ty  limits, as determined by the s t a b i l i t y  and oontrol 
ana lys i s  (block IV-41 , and the required forward and a f t  center-of - 
gravity balance and loadabi l i ty  limits, as determined by the 
weights analysis (block IV-25). If the difference between the  
required and avai lable  c ,g-  limits is too grea t ,  t he  geometry 
module (block 111-2) w i l l  be required t o  r e s i z e  the empennage, 
the OEW c-g,  posi t icn does n o t  resu l t  in  acceptab le  a i rp lane  
balance, the  geometry module (block 111-2) will be required t o  
adjust  the  pos i t ion  of such items as t h e  wing and gear relative 
the body- The required changes are man-controlled in  level IV, 
Block IV-28, Equation of Motion - Flut ter  0pt ion"Goal :  
Formulate equations of mot ion  for  f lu t te r  analysis of refined 
configurations,  
I f  
t o  
Act ivi ty  here is bas ica l ly  the same as design network block 
IV-21. Added w i l l  be the  modal in te rpola t ion  and l i f t i n g  surface 
theo ry  osc i l l a to ry  aerodynamics calculat ions.  
Block IV-29. Proposed Flutter  Suppression System-Goal: A 
f lu t t e r  suppres s ion  con t ro l  system is  synthesized for the purpose 
of increasing the f l u t t e r  speed, 
The procedure for  select ing gains and filters is similar t o  
the procedure described i n  block IV-12. Thus, the optimal control  
theory programs ( F C S - 3 ,  PCS-6, and FCS-7) and the generalized 
inverse technique (F'CS-4 or FCS-5) will be used as an aid t o  
parameter sizing. However, the c r i t e r i a  and t h e  emphasis of 
elastic modes make this block d i f f e r  from block IV-12, The 
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s t r a t e g y  is to i n c r e a s e   t h e   f l u t t e r  speed a s  much a s  possible 
wi thout  in t roducing  s tab i l i ty  problems. Sensor location and 
con t ro l  surface s i z e  and location axe critical considerations,  
Due t o  these complexities,  manual in te rvent ion  is r equ i r ed  in  the  
synthesis process- In pa r t i cu la r ,  classical cont ro ls  methods of 
FCS-1 or ITS-2 w i l l  be used fo r   t he   ma jo r i ty  of t he   syn thes i s  
e f f o r t ,  Note t h a t  FCS-1 requires a development of Nyquist and 
Bode techniques for  accommodating the frequency dependent (complex 
c o e f f i c i e n t )  f l u t t e r  matrices. 
The equations of motion formed f o r   t h e   f l u t t e r   a n a l y s i s  
(block IV-28) can also be used for  the f lut ter  suppression system 
work. However,  equations of motion  based upon quasi-steady 
aerodynamics combined with the Wagner function may also be used- 
This latter set w i l l  be used for cost considerations,  
Block IV-30, Proposed Fix--Goal: Determine  changes  on 
configuration geometry, m a s s ,  or s t i f f n e s s  for f l u t t e r  clearance, 
The critical f lu t t e r  cond i t ions  iden t i f i ed  in  design network 
(block N-31) will be analyzed t o  appra i se  f lu t t e r  mechanism using 
an energy display approach (SF'L-13) - Parametr ic  f lu t te r  t rend  
s t u d i e s  on s t i f f n e s s  changes, mass balance, and geometry change 
using lifting-line unsteady aerodynamics ( S a - 1 2 )  w i l l  be used t o  
determine how t h e  f lu t te r  def ic ienc ies  should  be removed- These 
t rend s tudies  are  performed through the  design network (blocks IV- 
2 8 ,  IV-31 ,  IV-32, and IV-30)- This loop is terminated when t h e  
d e s i r e d  f l u t t e r  clearances are achleved. Lift ing surface 
aerodynamics (presented i n  the descr ipt ion of block EM-8) w i l l  be 
used t o  c o n f i r m  t h e  r e s u l t s  of changes in  s t i f f n e s s ,  m a s s ,  or 
geometry. 
Block IV-31,  F l u t t e r  Analysis--Goal:  Evaluate f l u t t e r  boundaries  
of the   ref ined  configurat ions - 
Flutter  boundaries of the   re f ined   mnf   igura t ions  will be 
determined over the  &light envelope by the s a m e  so lu t ion  methods 
used i n  design network block IlX-22- 
Block IV-32, F l u t t e r  Criteria M e t ? - - G o a l :  Determine  whether the 
f l u t t e r   c r i t e r i a  have been satisfied, 
This decision is manual, If f lu t t e r  de f i c i ency  ex i s t s ,  
improvements w i l l  be made by: 1) geometry,  mass, o r  s t i f f n e s s  
change or 2 )  active flutter suppression system. A decision w i l l  
be made to  determine whether 1) or 2 )  or  both should be used to 
sa t i s fy   f l u t t e r   r equ i r emen t s -  
Block IV-33, G e a n e t r y  Chanqe?"Goal:  Determine  whether a 
configuration change is required fo r  f lu t t e r  c l ea rance .  
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This decision is manual, Geometry changes in  terms of 
modifications to exis t ing  main l i f t i n g   s u r f a c e s  or control  
surfaces,  or addi t ion of new control  surfaces  may b e   t h e   r e s u l t s  
of the design network blocks IV-29 and IV-30- If the  geometry 
change is required to  c l e a r   f l u t t e r ,  the des ign flow w i l l  go back 
t o  the start of l e v e l  111- 
Block IV-34, U s e  Flutter  Suppression System--Goal: Decide 
whether t o  use an act ive f lut ter  suppression system, 
The f lu t t e r  suppres s ion  system synthesis is described i n  
block IV-29, The decision is manual  and involves considerations 
of benefits, risk, cost, complexity, and weight, 
Block IV-35, Update FcS--Goal: Re-s ize   the   f l igh t   cont ro l  
components f o r  weight considerations- 
The addi t ional  components required for the f l u t t e r  
suppression system w i l l  be estimated. A computer  program 
development is required (FCS-12) . 
Block IV-36, Chanqe Stiffness?--Goal:  Determine  whether 
s t r u c t u r a l  s t i f f n e s s  change should be made f o r   f l u t t e r  clearance, 
T h i s  decision is manual. If the stiffness increase 
( ident i f ied i n  the design network block IV-30) over the strength 
and fa t igue  s iz ing  is to be made t o  clear f l u t t e r ,  the required 
s t i f f n e s s  w i l l  be provided for design network block IV-33, If t h e  
answer to  the  ques t ion  is no, design network block IV-38 w i l l  be 
executed and any mass change required for  f lut ter  c learance w i l l  
be input,  
Block IV-37, Update S t ruc tu ra l  Sizinq. Goal: To ident i fy  
f lut ter-prescr ibed resizing tor updating t h e  pr imary s t ructure  
weight and e s t ab l i sh  minimum s i ze  cons t r a in t s  for a l l  further 
s t rength  and fa t igue  des ign  ac t iv i t ies .  
I f  a st iffness (sizing) increase over the  s t rength  and 
f a t igue  s i z ing  is required t o  meet the f l u t t e r   c r i t e r i a ,  the 
sizing required is iden t i f i ed  and updated. For a l l   s k i n  and web 
gage increases, t h e  s t i f f en ing  ma te r i a l  will be compared to the 
minimum al lowable s t i f fening mater ia l  and increased i f  required, 
Flut ter-prescr ibed s iz ing w i l l  be considered to be minimum s i z e  
c o n s t r a i n t s  i n  a l l  fur ther  s t rength  and f a t i g u e  s i z i n g  a c t i v i t i e s  
(STR-3, -4) - 
Block IV-38- U p d a t e  Weiqhts,  Balance, and Loadability - Type B-- 
Goal: ?b calculate  type B weight, balance, and loadab i l i t y  for 
the configuration which has been s ized for st rength,  fa t igue,  and 
f lut ter .  This  involves  technical  program elerhents that :  
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Execute weights update control (WTS-15): re-execute only 
those portions of the weights technical program elements 
whose input  had changed- 
U p d a t e  wing primary structure mass elements based on stress- 
sized skin/stringer material (WTS-16) - 
Update body/empennage primary s t ruc tu re  m a s s  elements based 
on stress-sized skin/stringer material  (WTS-17) - 
U p d a t e  w i n g  secondary structure mass elements (WTS-18, WTS- 
71 - 
Update body/empennage secondary s t ruc tu re  mass elements (WTS- 
19 or WTS-8)- 
Update f u e l  m a s s  elements (WTS-11) . 
Accumulate mass elements within each structural  panel and 
calculate weight, c-g., and i n e r t i a  for each s t ruc tura l  pane l  
and f o r  the wing, body, and empennage (WTS-12) . 
Generate a weight statement patterned after t h e  AN9102-D 
format based on the previously updated mass elements (WTS- 
13) - 
Calculate total a i rp lane  m a s s  propert ies  for various points 
on the balance diagram and t h e  determination of updated panel 
mass propert ies  for recycling through the s t ruc tura l  ana lyses  
(WTS-14) - 
There w i l l  be no updating of t h e  f l i g h t  c o n t r o l  system 
weigh t s  un t i l  t he  e f f ec t s  of the  f l i gh t  con t ro l  system changes can 
be ref lected i n  the other  a i rplane systems analyses (block IV-17). 
Theref ore, t h e   f l i g h t   c o n t r o l  system weights w i l l  be updated 
block XV-18 - 
Block-  IV-39, Loadability/OEW C r i t e r i a  Met?--Goal (1) : To compare 
t h e  OEW which i s  calculated by the weights analysis (block IV-38) 
and the required OEW as  s ized  by the mission analysis (block III- 
3) and determine whether the difference between t h e  OEwms is 
within acceptable limits. If the  difference is too  grea t ,  the 
geometry module (block 111-2) w i l l  be required to r e s i z e  t h e  
configuration. The required changes are man-controlled i n  level 
IV. 
G o a l  ( 2 )  : lb compare the available forward and a f t  center- 
of -gravi ty   l imi t s  as determined by t h e  s t a b i l i t y  and  control 
analysis (block IV-2) and the  requi red  forward and a f t  cen te r -o f -  
gravity balance and loadab i l i t y  limits as determined by the  
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weights  analysis  (block IV-38)- If t he  d i f f e rence  between the 
required and available center of gravi ty  limits is too great ,  the 
geometry module (block 111-2) w i l l  be required t o  r e s i ze  the  
empennage. If t h e  OEW CG posi t ion does not  resul t  in acceptable 
a i rp lane  balance, t h e  geometry mdu le  (Block 111-2) will be 
required t o  ad jus t  the pos i t ion  of such items as t h e  wing and gear 
r e l a t i v e  to the body- The required changes are man-controlled i n  
l e v e l  IV, 
Block IV-40, Entered H From J?--This is a computer decision, The 
decis ion in block IV-51 to perform f l u t t e r   a n a l y s i s   r e q u i r e s  a 
recycle through equations of mtion (block XV-28) and subsequent 
events  (blocks IV-31 through I V - 3 9 )  but no recycle of events 
(blocks I V - I 1  through IV-51) that are primarily updated analyses, 
Block IV-41, Equations of Motion--Goal: Tb es tab l i sh  the 
equations of motion pr ior  t o  inves t iga t ing  the  dynamic loads and 
ride qual i ty .  
The unaugmented quasi-steady equations of motion generated i n  
Block EM-11 are a set of theoretical equations w i t h  experimental 
correct ions incorporated into t h e m  to  more r ea l i s t i ca l ly  r ep resen t  
the  ac tua l  a i rp lane .  This block w i l l  incorporate  the SAS system 
i n t o  the equations of motion using technical program element SDL- 
2, The f l i gh t  cond i t ions  for which the equations of motion are t o  
be generated w i l l  be manually selected to  be adequate for the 
dynamic loads block I V - 4 2 -  
Block IV-42, D y n a m i c  Loads and Ride Quality Evaluation”Goa1: 
The purpose of this element is to provide desisn loads to  s i z e  the 
stru&& of the  a i rp lane-  However, t h e  many f ace t s  i n  p rov id ing  
these loads require  the skill of experienced engineers. 
To provide design f l i gh t  gus t  l oads ,  it is necessary to pick 
points  on the f l i g h t  envelope in t e r m s  of a l t i tude,  speed,  
payload, and fue l   loading  which may produce t h e  maximum dynamic 
loads on any se lec ted  loca t ion  of the aircraft ,  The first s t e p  is 
t o  check the s t a b i l i t y  (SDL-3) of the equations of motion (block 
IV-41)- Then, the equations of motion and load equations 
generated from data of block E”10 must be analyzed by a d iscre te  
gust ana lys is  (SDL-6), a statis-cal F S D  g u s t  analys is  (SDL-4) 
uskng the design envelope approach, and a statistical gus t  
ana lys i s  fo r  a typ ica l  mission p ro t i l e  u s ing  programs SDL-4 and 
SDL-5, Fatigue s iz ing of t h e  a i r c r a f t  also requi res  a mission 
p r o f i l e  gust ana lys i s  t h a t  generally has a l i g h t e r  payload than i n  
the design enve lope  analysis, The mission profile is an average 
payload and f u e l   d i s t r i b u t i o n   t h a t  would be experienced during an 
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average mission f o r  which the  a i rp l ane  is designed. The design 
envelope and discrete gust approach uses extreme load ings   t ha t   a r e  
possible to obtain the highest  loads on the  ai rplane,  The gust  
prof i le  considered must include both a v e r t i c a l  and a lateral 
gust, each of which is considered independent of t he  o the r -  
The r ide   qua l i t i e s   shou ld  be evaluated a t   t h i s  t i m e  in terms 
of l a t e r a l  and ver t ical  accelerat ions along t h e  body- U n t i l  an 
absolute criterion is developed, the ride qualities would have t o  
be compared quant i ta t ive ly  with e x i s t i n g   a i r c r a f t .  
The design ground loads w o u l d  be caluclated with a dynamic 
math model simulating both a landing impact and a tax i  ana lys i s  
(SDL-7) on various measured r u n w a y s  around the world- The r i d e  
q u a l i t i e s   d u r i n g   t a x i  would a l so  be eva lua ted  a t  t h i s  t i m e .  
Block IV-43, p S e c t u r a l  Analysis for S t r e n q t h  and Fatique--Goal: 
To determine the margins  of safety (strength and fat igue)  of t he  
previously s ized detai l  s t ructural  e lements  for t h e  dynamic load 
conditions of block I V - 4 2 ,  
For the detailed structural  sizing established in block IV-21  
and a s  updated by block IV-37 fo r  f l u t t e r ,  stress analyses  are  
performed f o r  t h e  dynamic load conditions of IV-42. The 
capabili ty to perform analysis only (without resizing) to obtain 
margins of sa fe ty  i s  inherent i n  STR-3, STR-4, and STR-5, 
Analysis rather than design is used t o  obtain the 
computational cost savings available when n o  negative margins of 
s a f e t y  e x i s t  f o r  t h e  dynamic load conditions and t h e  f l e x i b i l i t y  
changes, i f  any, s ince t h e  l a s t  static loads calculat ions are  too 
s m a l l  to  produce a s ign i f i can t  change i n  the static loads- It 
should be noted  tha t  the cost of an analysis is estimated as one- 
t h i r d  or less t h a t  of a design sizing. Further,  there should be 
very few dynamic load conditions compared t o   t h e  number of s t a t i c  
load conditions.  
Block ~ ~ IV-44"- ~Neqat ive Marqins of Safety?--Goal: Computer 
dec i s ion  to  d e t e d n e  i t  the dflamic load conditions are cri t ical  
for any of the previous ly  s ized  de ta i l  s t ruc tura l  elements- 
Block IV-45, Ai rp lane   S ta t ic  Loads-Goal: Calculation of load 
d i s t r ibu t ions   on   t he  major airframe components resu l t ing  f r o m  
design conditions (static and g u s t  formulae) and a fatigue m'ission 
p r o f i l e  - 
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Wing loads are calculated using a theoretical pressure 
dis t r ibut ion based on a modified Kuchemann l i f t i ng   su r f ace   t heo ry  
(SLO-1) . This data may be modified by an exqineer to  include 
effects not predicted by theory or previous w i n d  tunnel 
information. Load dis t r ibut ions are  based an the Weissinger L 
method (SLO-2), yielding spanwise distributions of shear,  moment, 
and torsion along t h e  load reierence axis- These d i s t r ibu t ions  
inc lude  e f fec ts  of  a i r load ,  iner t ia ,  and thrus t  from winginounted 
engines. 
Fuselage load dis t r ibut ions are calculated by summing a series of 
idea l ized   iner t ia   pane ls  (SLO-3) Empennage loads are calculated 
a s  a function of r igid air f rame response t o  control  or g u s t  input 
and t a i l - o f f  aerodynamic c h r a c t e r i s t i c s  (SL0-3)- Flight  condi t ion 
data  w i l l  be input  by a knowledgeable u s e r .  
Any requirements for loads on secondary s t ructure  w i l l  be m e t  
by hand calculat ions based on data from a s imi la r  pas t  
configuration. 
Block IV-46 .  S t ructural  Sizinq for  Strenqth and Fatique--Goal: 
To modify the preliminary detailed s i z ing  of the primary structure 
for s t rength and fat igue (fai l -safe  design)  for critical dynamic 
load conditions and/or revised s t a t i c  l o a d s  r e s u l t i n g  from 
s t r u c t u r a l   f l e x i b i l i t y  changes. 
Using the  s t ruc tu ra l  de f in i t i on  (geometry and s iz ing)  
es tabl ished in block I V - 2 1  wi th  the  s iz ing  as updated by block Iv- 
37, the primary structure is res ized  for  s t rength  and fat igue for 
fai l -safe  design (STR-3, STR-4, STR-5) - S t a t i c  load condition 
data  are  obtained f r o m  block IV-45,  whi le  t he  dynamic load 
condition data are obtained from block IV-42- S i z i n g  a c t i v i t i e s  
para l le l  those  of block IV-21.  
Block IV-47 - Flexibility Chanqe Siqnif icantl--Goal : A computer 
or man decision on the s ignif icance of the change i n   f l e x i b i l i t y ,  
Loads are calculated for a g iven  f lex ib i l i ty ;  the resu l t ing  
strength-designed structure is sized; and a new f l e x i b i l i t y  is 
calculated.  I f  the change i n  f l e x i b i l i t y  is such t h a t  a 
s ignif icant  loads change would result the loads/sizing rout ines  
(blocks XV-45 and I V - 4 6 )  are repeated - 
If the change is not s ign i f i can t  the r e su l t i ng  s t ruc tu re  is  
weighed (block IV-48) 
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Block IV-48. Update Weiqhts,"Balance, and  madabi l i ty  - Type B-- 
Goal: lb ca lcu la te  type B weight, balance, and loadabili ty for 
the  configurat ion which has  been s i z e d   f o r  strength, fa t igue ,  
f l u t t e r ,  and dynamic loads-  
To accomplish this involves  technical  program elements that 
w i l l :  
Execute weights update control (WTS-15) t h a t  would re-execute 
only those port ions of the  weights  technical  program elements 
whose input  had changed. 
U p d a t e  wing primary structure mass elements based on stress 
s ized  sk in ls t r inger  material (WS-16) - 
Update body/empennage primary structure mass elements based 
on stress sized skin/s t r inger  mater ia l  (WTS-17) - 
Update wing secondary structure mass elements (WTS-18, WTS- 
7) - 
Update body/empennage secondary structure mass elements  (WTS- 
1 9  or WTS-8). 
Update f u e l  m a s s  elements (WTS-11). 
Accumulate mass elements w i t h i n  each structural  panel and 
calculate weight, c-g-, and i n e r t i a  for each s t ruc tura l  pane l  
and f o r  t h e  wing, body, and empennage (WTS-12) . 
Generate a weight statement patterned after t h e  AN9102-D 
format based on t h e  previousiy updated m a s s  elements (WTS- 
13) - 
Calculate t o t a l  a i r p l a n e  mass proper t ies  for  var ious  poln ts  
on the balance diagram and determine up3ated panel m a s s  
p roper t ies  for  recyc l ing  through t he  s t ruc tu ra l  ana lyses  
(WTS-14) . 
There w i l l  be no updating of t h e   f l i g h t   c o n t r o l  system 
we igh t s  un t i l  t he  e f f ec t s  of the f l i g h t   c o n t r o l  system changes can 
be r e f l e c t e d  i n  the other airplane systems analyses (block IV-17). 
Therefore, the f l i g h t  control system weights w i l l  be updated i n  
block IV-16 
Block IV-49. Panel MassIIntertia Chanse Siqnificant?--Since the 
loads analyses are sens i t i ve  to p a e l  mass propert ies ,  each t i m e  
the weights analyses update the panel's mass, center of grav i ty ,  
and/or inertia, the e f f e c t  of these changes on the loads analyses 
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should be examined, If the panel m a s s  property changes are 
s ign i f i can t ,  the loads and the  s t ruc tura l  ana lyses  should  be 
examined. 
Block IV-50, Loadability/OEW Criteria M e t ? - - G o a l  (1) : To compare 
the OEW calculated by the weights analysis block IV-48 and the 
required OEW as sized by t h e  cruise performance analysis (block 
111-3) and determine whether the difference between t h e  OEW’s is  
within acceptable limits, If the  d i f fe rence  is too grea t ,  t he  
geometry module (block 1111-2) w i l l  be required t o  r e s i z e  the 
configuration, The required changes are man-controlled in l e v e l  
I V  . 
G o a l  (2) : To compare the avai lable  forward and a f t  c e n t e r -  
of-gravity limits, as determined by t h e   s t a b i l i t y  and control 
analysis (block 337-4) , and the required forward and a f t  center-of- 
gravity balance and loadab i l i t y  limits, a s  determined by t h e  
weights analysis (block IV-48) . I f  the  d i f fe rence  between the  
required and ava i lab le  center of grav i ty  limits is too great ,  the  
geometry module (block 111-2) w i l l  be required t o  r e s i z e  the 
empennage. I f  the OEW c-g. position does not r e s u l t  in  acceptab le  
a i rplane balance,  the geometry module (block 111-2) w i l l  be 
required t o  ad jus t  the posi t ion of such items as t h e  wing and gear  
relative t o  the body, The required changes are man-controlled 
level IV- 
i n  
Block IV-51. Do F lu t t e r  Analysis?-Goal:  Determine  whether 
f u r t h e r  f l u t t e r  a n a l y s i s  is required, 
Manual decision is  made t o  determine whether  fur ther  f lut ter  
ana lys i s  should be performed to  ensure the proper f l u t t e r - f r e e  
performance of the newly derived configuration w i t h  st rength 
design in which dynamic loads and ride q u a l i t y  e f f e c t s  are 
included- 
I f  the answer t o  the question is yes, the design flow w i l l  go 
back t o  design network  (block IV-28,)  Otherwise, the 
configuration w i l l  be r eady  fo r  f l i gh t  con t ro l  system synthesis 
and analysis through design network (blocks IV-52 and IV-53). 
Block IV-52, Equations of Motion - Quasi-Steady Option”Goa1: 
Develop the equations of motion to be used for f l i g h t  control 
system work- 
The equations of motion consist of t h e   r i g i d  body modes and 
about 10 elastic modes. Two basic sets of data a r e  produced, 
namely the longi tudinal  axis  equat ions and the la te ra l -d i rec t iona l  
172 
PROJECT 1 - SUBSONIC A/C (cont’d,) 
axes equations. Approximately 10  operat ing points  are required t o  
cover t h e  flight envelope- Quasi-steady aerodynamics are 
s u f f i c i e n t  for t h e  f l i g h t  c o n t r o l s  problem. Estimates of control  
surface and ac tua tor  dynamics will be adequate a t  this s t a g e   i n  
the design process.  
Block IV-53, Fl iqht  Control  System Synthesis and Analysis- 
Elastic Body Modes--Goal: Re-examine t h e  f l i g h t  c o n t r o l  sys tem 
us ing  e l a s t i c  body modes and modify the cont ro l  system a s  needed, 
The previous handling qualities control system work (block 
IV-12) is performed using simplitied rigid-body equations of 
motion, Although elastic modes w e r e  not used i n  block IV-12, t h e  
static aeroe las t ic  e f fecks  were simulated and the  ga ins  and 
compensation networks were tempered t o  anticipate higher frequency 
dynamics. It is ant ic ipa ted  tha t  f l igh t  cont ro l  sys tem 
modifications w i l l  be minor. If t h e  f l i g h t  control system 
c r i t e r i a  a r e  n o t  s a t i s f i e d  due t o  presence of elastic modes, the 
s i tua t ion  w i l l  be examined af ter  the end of t he  level IV 
computational activity,  The uecision w i l l  then be whether t o  
press  for mre control system refinements or modify the a i rp lane  
or f l i g h t  envelope 
Block  1V-42 evaluated the ride q u a l i t y  of the airplane.  I f  
ride improvement is required, a ride q u a l i t y   s t a b i l i t y  
augmentation system (RQSAS) w l l l  be developed a t   t h i s  point, 
Computational a c t i v i t y  w i l l  be similar to block IV-12, and 
FCS-1 through FCS-7 may be required- As i s  t h e  case with the  
f lu t te r  suppress ion  s y s t e m  synthesis  (block IV-29)  , the e l a s t i c  
modes w i l l  r equi re  more manual intervent ion and more emphasis of 
c lass ica l   cont ro ls   t echniques  (FCS-1 or FCS-2) The f l i g h t  
control system hardware w i l l  be resized by use of FCS-12. 
Block IV-54. D o  Dynamic Loads Analysis?--Goal: Man decision t o  
determine w h e t h e r  any s ignif icant  changes i n  we igh t ,  f l ex ib i l i t y ,  
and f l i gh t  con t ro l  system synthesis have been made to  t h e  system 
from blocks IV-43 t o  1V-53 t h a t  would a f f e c t  dynamic loads. 
Block IV-55, (1) Manufacturinq Review--Goal: To provide 
operations with design concepts to  t h e  ex ten t  t ha t  company 
resources can be reviewed and the preliminary manufacturing plan 
prepared- 
Operations must i n i t i a t e  program planning in conjunction w i t h  
the product technical def in i t ion .  Based on itemized w o r k  
statements, the i n i t i a l  make-or-buy and manufacturing plans are 
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developed,  Concurrently,  available  in-house resources are 
reviewed for  compatibi l i ty  in t i m e  and suitability, 
(2) Establish Plans and  Schedules”Goa1: Tb provide 
operations, marketing, and finance with i n i t i a l  p l a n s  and 
scheduling  information - 
In i t i a l  p l ann ing  w i l l  include estimates of t h e  engineering 
release schedule ,  configurat ion ver i f icat ion test plan, and 
manufacturing schedule. 
(3) Ident i fy  Lons Lead Items--Critical long lead items 
(e-go, engines, forgings, etc-) will be iden t i f i ed  and procurement 
c r i t e r i a   e s t ab l i shed .  
Block IV-56, Summarize Performance--The design refinement of 
level I V  has been completed. The performance w i l l  be summarized 
by use of PRF-5, finance and cost considerations by FNC-1, and the 
market su i t ab i l i t y  p red ic t ed  by MKT-4, -5, and - 6 ,  The e f f e c t  of 
schedules on cost w i l l  also be assessed by FNC-2, -3, and -4- 
The marketing analyses w i l l  be supported by an evaluation of 
t h e  total system i n  the operational environment within the l eve l  
of def in i t i on   ava i l ab le  - 
Simulation models REL-1 and REL-4 w i l l  eva lua te  in te rac t ions ,  
major influences,  controll ing parameters,  special  features,  and 
c h a r a c t e r i s t i c s   a f f e c t i n g   u t i l i z a t i o n   d i s p a t c h   r e l i a b i l i t y ,  
maintenance,  and l o g i s t i c s  f a c i l i t i e s .  Cost variables such a s  
f l e e t  size, route  s t ructure ,  scheduled f l ight  time, and ground 
t i m e  a r e  used to assess each change in  conf icpra t ion  or design and 
to evaluate strengths and weaknesses of each  a i rp lane  in  
operational environments, 
Block IV-57 - Wil Enqine be Available for Product?--Goal: 
Determine whether t h e  engine avai labi l i ty  schedule  is compatible 
with the airframe manufacturing and delivery schedule, 
This decision will be manual and w i l l  determine whether the 
airframe manufacturing and delivery schedule allows s u f t i c i e n t  
lead time f o r  the engine development- 
Block IV-58- Technical Review to Determine Next Action”Goa1: 
Determine next action if  the engine availabil i ty test (IV-57) i s  
negative, 
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T h i s  management-level review w i l l  be to decide on further 
action should t h e  current  a i r f rame schedule  a l low insuff ic ient  
lead t ime for engine development. 
Block-IV-59, Confiquration  Acceptable?--Goal: This is a man 
decision based on a r e v i e w  of a l l  tasks undertaken in level IV. 
To be acceptable means t h a t  no reason is found to prevent the 
design from proceeding to level V, 
Block IV-60, Stop Wind Tunnel Model--Goal: In the event the 
configuration r e v i e w  i n  block IV-59 is found to be unacceptable, 
the design of the  cruise shape wind tunnel model, canmenced i n  
block IV-8, should be terminated. 
Block IV-61. S t a r t  W i n d  Tunnel  Model?"Goal: This event is a man 
decision t o  start the design of the cruise-shape wind tunnel model 
if not already i n  w o r k ,  The decision is influenced by a 
management review t o  comit the configuration design cycle into 
level V. 
Block IV-62.  Wind Tunnel Model S t a r t e d ? - - G o a l :  This event is a 
m a n  decision to determine whether the design of the  wind tunnel 
cruise-shape model iden t i f i ed  i n  block IV-8 has commenced , 
Block XV-63- Modify Confiquration or Mission--There a r e  t w o  
options from a negative result i n  block IV-59. The designer may 
elect to  r e t a i n  the design mission and c r i t e r i a  and r e t u r n   t o  the 
beginning of level 111 to res ize ,  us ing  d i f fe ren t  s iz ing  ru les ,  o r  
the designer may re turn  t h e  design sequence to l eve l  I1 t o  
evaluate the effects of an al ternate  design mission.  
Block IV-64, Technical Review t o  Determine N e x t  Action--Goal: 
This event is a review of t h e   t o t a l   a i r p l a n e  design by a technical 
review committee t o  assist t h e  management decision on the next 
course of act ion,  
6.2-3-5 Level V: Confiquration Ver i f ica t ion  
The goal of level V is t o  ver i fy  candidate  configurat ions so 
that  se lec t ion  among t h e m  and the commilment of product go-ahead 
can be made w i t h  the minimum risk pract icable .  These 
ve r i f i ca t ions  w i l l  be achieved by tests and analyses- Tests w i l l  
include wind tunnel m o d e l s ,  selected system and s t r u c t u r a l  
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concepts, and propulsion systems. The design and ana lys i s  w i l l  be 
done as r igorously as possible ,  w i t h  p re l iminary  de ta i l  par t  
design wherever needed t o  develop confidence i n  the  overall 
design . (See f i g s  - 35 and 36 .) 
Block V-1. l bd i fy  Wind Tunnel mdel?-”an decision as to  whether 
changes i n  the design of t h e  w i n d  t u n n e l  cruise-shape model are 
required- 
Block V-2. Modify Wind Tunnel Model--Goal: Modification of 
design and construction of t h e  wind tunnel cruise-shape m o d e l -  
I n  order to achieve ear ly  w i n d  tunnel t e s t  dates,  the model 
drawings and d e f i n i t i o n s   f o r  level V t e s t i n g  are released e a r l y   i n  
level IV- Some modification of these e a r l y  m o d e l  l i n e s  w i l l  
u s u a l l y  r e s u l t  from fu r the r  ana lys i s  in level IV- This a c t i v i t y  
represents  the updating of the wind tunnel  model de f in i t i ons  t o  
represent  a l l  of the l e v e l  TV r e s u l t s .  
Block V-3- C r u i s e  Wind Tunnel Model Confiquration Desiqn W i t h  
Lofted Geometry--Goal: To design the various configurations to  be 
t e s t e d  for cruise  drag and long i tud ina l  s t ab i l i t y  and control  
cha rac t e r i s t i c s  . 
The model w i l l  be designed at a subcritical Mach number using 
po ten t i a l  flow analys is  with corrections based on experience (ARO- 
1, -2, -3) Model components  which w i l l  be actively  designed are 
wing, body, empennage, nacel les ,  and pylons-  Options i n  a d d i t i o n  
to the nominal shape w i l l  be designed for a l t e r n a t e  
configurations. All of the  geometry w i l l  be represented as a 
computerized l o f t  using geometry cont ro l  system GCS @GL-2, -3) , 
w h i c h  provides data for the components t o  be fabricated by t h e  
numerical control processes. 
Block V-4. Fabricate Wind Tunnel Made1”Goal: !To construct the 
c r u i s e  shape wind tunnel  model designed i n  Block V-3. 
The fabr ica t ion  of t h e s e  models w i l l  u t i l i z e  numerical 
control processes t o  machine the wmg, forward and aft body, 
empennage, nace l les  and pylons. The cont ro l  tapes  for these 
machines w i l l  be producd  from contour information contained i n  
t h e  IPAD data bank (DGL-2, -3) - 
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Block V-5. W i n d  Tunnel Test"Goa1: This  test will provide a 
measure of the cruise draa and lonclitudinal s tabi l i ty  
cha rac t e r i s t i c s  of the  a i fp lane .  
- 
If t h e  drag estimates (and p a r t i c u l a r l y  wing design) made i n  
level I V  are confirmed, acceptance of the aerodynamic performance 
w i l l  be verified, 
The second p a r t  of the test  provides basic longitudinal 
s t a b i l i t y  and control information and l a t e ra l -d i r ec t iona l  
s t a b i l i t y  data f o r  the cruise contiguration. There are no lateral 
or d i rec t iona l  controls on t h e  model a t  t h i s  s t a g e .  The data w i l l  
be used t o  confirm or t o  s h o w  the need for changes i n  the a i rp lane  
configuration - 
This  task w i l l  be performed using normal wind tunnel 
procedures, Wind tunnel  data reduction proqrams w i l l  convert the 
data   into  acceptable  f o m  fo r   i nc lus ion   i n  the IPAD data bank. 
Block V d .  Analyze--Goal: To analyze  cruise drag and 
long i tud ina l  s t ab i l i t y  and control  data .  
C r u i s e  performance ca lcu la ted  f r o m  data  of  wind tunnel  test 
block V-5 is compared w i t h  estimated performance used i n  level IV 
analysis (block IV-56) . Changes in  configurat ion design w i l l  be 
iden t i f i ed  from this comparison. The airplane performance w i l l  be 
calculated using measured drag data  (PRF-2, -3, -4) - 
C r u i s e  conf igura t ion  longi tudina l  s tab i l i ty  and control 
cha rac t e r i s t i c s  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r l s t i c s  
w i l l  be compared w i t h  estimates made ea r ly  in l eve l  IV. CBanges 
i n  configuration design w i l l  be ldent i f   i ed  to meet handling 
q u a l i t i e s  c r i t e r i a .  
The s t a b i l i t y  and con t ro l  ana lyses  in  th i s  level w i l l  
iden t i fy  the  des ign  cons t ra in ts  and problems foreseen €or the 
configuration and make changes where necessary before the major 
design and ana lys i s  tasks of block V-11 a r e  comenced. 
SCC-3, -4,  -6 ,  -12, -14, -17 technical  program elements 
ca l cu la t e  the basic aerodynamic characteristics using cruise 
configuration wind tunnel data trom block V-5 replacing the 
aerodynamic estimates used previously with these programs- 
Aeroelastic cor rec t ion  fac tors  used  or ig ina te  f r o m  blocks IV-b5 
and IV-46 - 
Handling qua l i t i es  es t imat ion  for the cru ise  configuration 
w i l l  use  SCC-18 with a computerized p i l o t  model and SEC-19 which 
is a true pi loted s imulat ion.  The piloted simulation w i l l  include 
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the  f l igh t  cont ro l  sys tem synthes ized  in  block N-12 and control  
sur face  ac tua t ion  charac te r i s t ics  def ined  i n  block IV-9- Design 
conditions for t h i s  task are grea t ly  expanded from those 
inves t iga ted  in  level I V  and w i l l  cover, i n  addi t ion to normal 
f l i gh t  cond i t ions  over t h e   e n t i r e   f l i g h t  envelope, those f a i l u r e  
conditions that could have major impact on t h e  design- 
Block V-7- Confiquration Acceptable”Goa1: Determine 
acceptab i l i ty  of cruise performance, longitudinal stabil i ty and 
control ,  and l a t e r a l  and d i r e c t i o n a l  s t a b i l i t y -  
T h i s  decision is manual and human judgment w i l l  be exercised 
t o  evaluate the acceptab i l i ty  of the configuration. 
Block V-8. Technical Review t o  Determine N e x t  Action--Goal: 
Determine degree of unacceptabili ty of a n f i g u r a t i o n  from block V- 
7 and es tab l i sh  whether configuration changes can be made t o  
produce an acceptable condition. 
The decision of a technical  committee is required,  Data from 
analyses of block V-6 w i l l  be reviewed. 
Block V-9. Develop Level V Inputs--The analysis and design 
methods t o  be used in level V will be t h e  most powerful available 
i n  each technical  discipl ine,  These w i l l  be executed as separate 
jobs, but w i l l  coordinate and t ransfer  da ta  between jobs through 
the data base management f a c i l i t i e s  of t h e  DAD system, Thus 
block V-9 develop inputs occurs many times throughout level V- It 
is shown here t o  indicate  t ha t  each execution w i l l  collect user 
inputs, technology data base inputs ,  addi t ions to the  da ta  base 
resu l t ing  from test data,  and outputs from level I V  and use a l l  of 
these as  sources  for information for subsequent analysis, design, 
and t e s t ing  
Block V-10, Tests (Development) “Goal : To a i d  the configuration 
ver i f ica t ion   th rough  tes t ing  - 
The fol lowing tes ts  represent  a sample and a re   r epor t ed   t o  
show t h e  character of the level V development tests, In general ,  
these tests a re  conducted as required t o  ve r i fy  w i t h  confidence 
the  a i rp l ane  performance, and the concepts of the  s t ruc tu re  and 
sys terns 
Continued Wind Tunnel IWT) Tests 
1 78 
PROJECT I - SUBSONIC A/C (cont*d.} 
Low-Speed WT Model--Goal: Measurement of drag and l i f t  
c h a r a c t e r i s t i c s   f o r  the low-speed configuration performance 
ident i f ied  in level 111. 
SEC Longitudinal and Directional Low-Speed WT Test--Goal: 
Measurements of s t a b i l i t y  and cont ro l  charac te r i s t ics  t o  
compare wi th  the  l o w -  speed s t a b i l i t y  and control estimates 
made f o r  t h e  a i r p l a n e  i n  l L e v e l  IV. H i g h  angle of a t tack  
data  w i l l  be taken t o  show sa t i s f ac to ry  s t a l l  r ecove ry -  
Engine f a i l u r e s  w i l l  be simulated- 
Additional Cruise Configuration WT Tests--Goal: Addition of 
l a t e r a l  and direct ional  control  surfaces  t o  the  c ru i se  
configuration wind tunnel  model will enable  correlat ion of 
cruise l a t e r a l  and d i r ec t iona l  con t ro l  cha rac t e r i s t i c s  t o  be 
made w i t h  the  estimates i n  level IV- 
WT Test - mManufacturing Loftn Wing”G0al: To test the 
aerodynamic difference between the wing defined by 
aerodynamics and t h e  wing considered xcanufacturable. 
Manufacturing considerations invariably require some 
modif ica t ion  to  the wing lo f t ed  by aerodynamics, If these 
changes are extensive,  the performance degradation should be 
establ ished by wind tunnel test- 
Loads W i n d  Tunnel Pressure Models”Goa1: To measure pressure 
data for the loads analysis ,  Two pressure models are 
requ i r ed  a s  a minimum,  namely,  high-speed and low-speed, On 
t h e  high-speed m o d e l ,  pressures would typ ica l ly  be measured 
on the wing, body, horizontal  tail, vertical fin, and 
nacelle,  Runs would be made throughout the Mach number range 
and alpha range (negative stall t o  positive s t a l l )  w i t h  beta 
sweeps at selected conditions. Configurations would include 
clean and spoiler (speed brake) # roll  oontrol,  and elevator  
and rudder deflections (singly and i n  combination) 
O n  t h e  low-speed m o d e l ,  additional pressure wmld be required 
(e -9. high-lif t devices,  gear doors,  gear cavities 8 and leading 
and t r a i l i n g  edge cavities) - Configurations result ing f r o m  
va r ious  f l ap  and control  surface def lect ions would again be t e s t e d  
over t h e   f u l l  alpha range- 
S t r a in  gage measurements taken   dur ing   to ta l   a i rp lane  force 
tests to obtain loads on smaller components, nace l les ,  s t ru t s ,  
a i l e rons ,  s t ab i l i ze r ,  etc -, could be used p r io r  t o  the 
a v a i l a b i l i t y  of pressure data  and as a check of integrated 
pressure  data  - 
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Propulsion Tests”Goa1: Perform required tests to  ver i fy  the 
propulsion system configuration- 
Engine r i g ,  wind tunne l ,  f l i gh t ,  and other tests are 
performed to v e r i f y  the design of the various components of t h e  
propulsion system (inlet, nozzles, thrust reversers, acoust ic  
treatment,  etc.) . Questions which must be answered include 
performance of the propulsion system a t  a l t i t u d e  (may require 
f l i g h t  t e s t i n g  of new enymes) , f l i g h t  cycle fat igue,  inlet 
d i s to r t ion ,  o i l  flow indicat ion,  ant i - ic ing,  w a t e r  injection, sand 
ingestion, low- and high-temperature start ing,  etc. 
S t ruc tura l  Development Tests--Goal: The goal of t h e  s t r u c t u r a l  
development tests is to ve r i fy  theo re t i ca l  requirements and 
es tab l i sh  baselines for  empirical  evaluations for structural 
components. These tests would be product-oriented and would not 
include research and development tests- A l l  t es t ing  requi red  t o  
ensure complete technical confidence i n  the configuration m u s t  be 
accomplished a t  this level-  
Theoretical  requirements include testing fe.g., wing panels) 
f o r  comparison between predicted allowables and fracture stresses, 
etc- The main purpose of this type of t e s t i n g  is t o  co r re l a t e  
predictions and test data  for every conceivable allowable stress 
(s tab i l i ty ,  fa t igue ,  fa i l - sa fe  a l lowables ,  etc,) i n  order t o  
prepare for the fu l l - s ca l e  test assemblies to follow. 
Empirical  evaluation consists of t e s t i n g  t o  e s t ab l i sh  design 
guide l ines  for  s i tua t ions  where theore t ica l  approaches  fa i l  o r  
become unreliable.  Its purpose is t o  e s t a b l i s h  minimum gages, 
edge margins, baselines for fa t igue  ana lys i s ,  requi red  a rea  ra t ios  
for fa i l -safe  design,  etc, It covers problem areas such as: 
Bird impact on windshield 
Deta i l  fa t igue  ra t ings  for design details  not previously used 
o r  tested 
Strength of f i t t i n g s  
H a i l  impact 
Crack propagation 
Sonic fatigue 
Lightning s t r ike 
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Systems T e s t s - - G o a l :  To conduct developmental tests required to  
v e r i f y   t h a t  the de f in i t i on  of each system is wi th in   the   cur ren t  
design and product ion capabi l i ty-  
This  tes t ing  is general  and m u s t  be responsive to areas of 
concern which are ident i f ied   dur ing   the   des ign/ana lys i s   func t ion  
of both levels IV and V, For example: The f l igh t  cont ro l  sys tem 
would require t e s t i n g  if a decision w e r e  made to t ransmit  control  
commands completely by an e l e c t r i c a l  and e l ec t ron ic  “fly-by-wirem 
process , 
Block V-11- Desiqn/Analysis”Goal: To do the design and ana lys i s  
a c t i v i t i e s  required t o   suppor t  the conf igura t ion  ver i f ica t ion  
process and begin the design of long-lead-time items, 
I n  level V, t h i s  ac t iv i ty  is too broad i n  scope t o  be 
meaningfully put into a design network, Instead, selected 
technical d i sc ip l ines  have summarized the scope of a c t i v i t i e s  t h e y  
intend to do i n  this level, The level IV network a c t i v i t i e s  may 
be repeated bt l imited t o  a portion of t h e  a i rp l ane  in  g rea t e r  
d e t a i l  .) 
The design of long-lead-time i t e m s  w i l l  begin in level V and 
be continued into level V I ,  Examples include engine and nacelle 
in tegra t ion ,  cri t ical  forgings (main landing gear shock s t r u t ,  
f l a p   t r a c k  beams), and control system mixers and electronics. 
Aerodynamics/Performance--All of the ana lys i s  capab i l i t i e s  of 
aerodynamics w i l l  be used a t  this level, -0-1 and -2 w i l l  be 
used t o  design wings for wind tunnel  tes t ing-  ARO-3 w i l l  provide 
exac t  po ten t ia l  flow r e s u l t s  for de t a i l ed  wing design, empennage 
design, component in tegra t ion ,  (e -9 ., wing-body f a i r ings ,  nace l l e  
pylon-wing geometries, etc-, t o  support both w i n d  tunnel  model 
design and prototype design, ARO-4, -5, -6 w i l l  support those 
ca lcu la t ions  that  require AlC matrices. 
Performance ca l cu la t ions  w i l l  be required t o  support 
configuration modifications. PRF-2, -3, -4 and -5 w i l l  use tes t  
data and estimtes t o  m a k e  these  ca lcu la t ions ,  
Computerized  Space/Arrangement Mockup--Goal: To reserve loca t ions  
f o r  items of f ixed  equipment which have been ident i f ied during the 
preliminary design and evaluate the adequacy of raceways for 
routing system services, 
The a i r p l a n e  i n t e r i o r  volume is d iv ided  in to  a matrix, Space 
envelopes are defined which represent the major compartments such 
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as f l i g h t  c rew,  passengers, cargo, e lec t ron ic s  bay, control  
surfaces,  propulsion, fuel tanks, landing gear, and auxiliary 
p o w e r  unit- Also, smaller space envelopes are defined which 
represent  f ixed equipment such as ac tua tors ,  pumps, filters, heat 
exchangers, m d  oxygen cyl inders-  Raceways are defined which 
provide for routing control cables, wiring, ducting, and tubing, 
(See DCA-3) . 
Dynamic Loads-All of t h e  dynamic loads analyses performed , i n  
level IV will be repeated i n   l e v e l  V using the same theor ies  and 
programs but w i t h  ref ined input data  as  it b e c o m e s  avai lable-  
Input data is refined by employing wind tunnel  da ta ,  f l igh t  
test data, and ground v ibra t ion  test data  corrections to the 
t heo re t i ca l  data- The qua l i ty  of the ana lys i s  is improved by 
increasing the number of e l a s t i c  modes and employing residual  
s t i f f n e s s  in the ana lys is  in  conjunct ion  wi th  the  re f ined  data- 
I n  addi t ion,  many smaller design problems will be solved as 
t h e  need arises - These problems are d i f f i c u l t  t o  p r e d i c t  i n  
advance but w i l l  be of the type such as changing namlle 
f l e x i b i l i t y  to  lower wing-nacelle attachment loads. 
Flight Control System Synthesis and Ana1ysis”Goal: Refine and 
expand de f in i t i on  of f l i g h t  c o n t r o l  system: perform response 
calculat ions to ascertain compliance w i t h  the c r i t e r i a ;  complete 
de f in i t i on  of f l i g h t   c o n t r o l  system mechanization and redundancy 
concepts;  analyze failure modes and e f f ec t s :  perform control 
surface actuator  s tabi l i ty  analysis :  evaluate  candidate  hardware. 
The f l i g h t  control system will be updated t o  r e f l e c t  data 
changes, The control system developed for block IV-12 must 
provide acceptable airplane handling q u a l i t i t e s -  A n a l y s i s  of t h e  
r i d e  improvement and f lu t te r  suppress ion  cont ro l  sys tems which may 
have been iden t i f i ed  in blocks IV-42 and IV-29, respectively,  w i l l  
be continued- The autopi lo t  and autoland design concepts w i l l  be 
f ina l ized ,  Computer programs FCS-1 through FCS-7 w i l l  be used in 
much t h e  same way as i n  block “12- However, c la s s i ca l  con t ro l  
techniques (FCS-1 or FCS-2) w i l l  be emphasized more heavily to 
permit a f iner  tun ing  of the gains and f i l t e r s -  Mechanization, 
redundancy, and f a i l u r e  s t u d i e s  w i l l  require nonlinear solutions 
afforded by FCS-8, FCS-9, or FCS-10, Nonl inear i t ies  may also be 
studied by use of the simulation described i n  SEC-19, 
E q u a t i o n s  of motion used f o r  t h i s  event w i l l  consist of both 
the r i g i d  body set (KS-11) and the e l a s t i c  mode set. (See f igu re  
42 -) 
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Flight Simulator E3raluation”Goal: Provide a simulation of t h e  
a i rp lane  in f l i g h t ,  
The simulation w i l l  model the six-degrees-of-freedom 
nonlinear dynamics, per t inent  v ibra t ion  modes, f l i g h t   c o n t r o l  
system, hydraulic system, propulsion system, pilot’s control, and 
pilot’s displays.  For pi loted operat ion,  the simulation w i l l  be 
operated a t  real time, The cab w i l l  be fixed-based [as opposed t o  
moving-base) f o r  t h i s  d e s i g n  level, 
Nonlinear time responses w i l l  be produced for  control  inputs ,  
gusts,  and f a i l u r e s  - A par t icu lar ly  impor tan t  resu l t  of the  
simulator study is the p i l o t  r a t i n g  of the airplane’s handling 
q u a l i t i t e s .  H o w e v e r ,  due t o  the inclusion of many technical 
d i sc ip l ines  in  the  s imula t ion ,  the s i m u l a t o r   a c t s   a s   a n   a n a l y t i c a l  
systems  integration tool - 
The f l i gh t  s imula to r  for this l eve l  w i l l  be an of f - l ine  
device such as the EAI-8400. Software for providing the 
simulation is in  ex i s t ence ;  however, the computer programs are 
gene ra l ly   t a i l o red   fo r  a par t icu lar   a i rp lane ,  
Flutter--Goal:  Perform flutter analysis on the  configurat ions 
updated by static wind tunnel model tests. 
Wind tunne l  t e s t ing  of the cruise  configurat ion and low-speed 
configuration models may r e s u l t   i n  changes on wing air loads,  t a i l  
s i z e ,  and empennage control  surface s ize .  Flut ter  analysis  using 
t h e  same procedure and computer programs (SF%-1 through SF’L-13) i n  
level I V  w i l l  be car r ied  out  on these updated configurations to  
ascertain compliance with the flutter requirements- Important 
s t ruc tu ra l   de t a i l   i n fo rma t ion  on main structure Cut-outS, 
s t i f f n e s s  of major s t ruc ture  junc t ions ,  mounting s t i f f n e s s  of 
local ized masses, and cont ro l  surface stiffness and t h e  
corresponding updated mass d i s t r i b u t i o n  w i l l  be available as input 
t o  t h e  f lu t t e r  ana lys i s .  Measured sec t iona l  l i f t  curve slopes and 
aerodynamic center  locat ions f r o m  t h e   s t a t i c  wind tunnel  model 
test data  w i l l  be incorporated i n  unsteady airloads predictions, 
Control  surface f lut ter  analyses  are performed- Failure 
conditions w i l l  be i d e n t i f i e d  and analyzed to  ensure compliance 
w i t h   t h e   f l u t t e r  criteria. 
Plans and Schedules”Goa1: To provide operations, marketing and 
finance with plans and scheduling information, 
U p d a t e  the block IV-55 est imates  of  the engineer ing release 
schedule,  the configuration verification test plan, and the  
manufacturing schedule- Continue identification of crit ical  long 
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lead items such as engines, forgings, etc,, and procurement 
criteria, Make in i t ia l  estimate of t h e  level VI product 
development tes t  plans, engineering manpower plan, and integrated 
engineering schedule for t i m e  dependent relationships between 
technica l  tasks-  In  addi t ion ,  the level V I 1  product  ver i f icat ion 
test  plan is init iated,  
Product  Assurance: 
a) System Failure Mode Effect Analysis“Goa1: The object ive 
of the f a i l u r e  mode e f f ec t  ana lys i s  is t o  reveal design 
inadequacies and t o   i d e n t i f y  where corrective ac t ion  is 
needed. This analys is  focuses  a t ten t ion  on poten t ia l  
reliabil i ty,  main ta inabi l i ty  and safe ty  problems and 
serves as a s t a r t i n g  p o i n t  for quantitive system 
r e l i a b i l i t y  and safety analyses.  
The analysis determines the e f f e c t  of f a i l u r e  of 
ident i f ied  func t ions  and components within the system 
for each  fa i lure  mode, Means of recognizing the f a i l u r e  
and compensatory provisions and procedures are 
ident i f ied ,  Order of probabi l i ty  of occurrence of the 
event is assessed. Output of the  ana lys i s  is a 
tabula t ion  by function or component of f a c t o r s  
associated w i t h  its f a i l u r e  modes, 
b) System Faul t  Hazard  Ana1ysis”Goal: The object ive of 
the fau l t  hazard  a n a l y s i s  is t o  iden t i fy  a l l  haza rds  
associated w i t h  operation of the s y s t e m  a rd  t h e i r  
safeguards - 
A fau l t  hazard  ana lys i s  is d t abula t ion  of the hazards 
ident i f ied  wi th  operations of t h e  system through each 
phase of operation- Function, component, or operator 
fa i lures  caus ing  the hazard  a re  ident i f ied-  Order of 
p robab i l i t y   fo r  each combination of hazard producing 
events is assessed, Compensatory provisions and 
procedures are ident i f ied-  
c) System D e s i g n  Rel iabi l i ty/Saf  e ty  Analyses”Goa1: 
Assessment of system design configurat ion against  the 
r e l i a b i l i t y  and safety requirements and a l loca t ions  
Faul t  tree simulation (REL-5), cowputerized Boolean 
r e l i a b i l i t y  analysis (REL-3), automat ic  re l iab i l i ty  
mathematical modeling (REL-2) and CTS ( m - 1 4  and 41) 
are used for  s tudies  a t  this level, Program se lec t ion  
is dependent on problem and system complexity and 
comparative factors selected for evaluation, 
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d) Flight  Control System Rel iab i l i ty f ia fe ty  Analysis--Goal: 
To assess t h e  overall system from the s tandpoint  of  
r e l i a b i l i t y  and safety.  
F l igh t  s a fe ty  and r e l i a b i l i t y   i n  all f l i g h t  phases and 
design  cnnditions are s tudied-  Faul t  tree ("5) 
analysis  is used for overall a i r p l a n e  f l i g h t  s a f e t y  
assessment of t he  con t ro l  system. 
R e l i a b i l i t y   s t u d i e s   w i t h i n   t h e   f l i g h t   c o n t r o l  subsystems 
a r e  performed with the COBRA (REL-3) 8 t he  ARMM (REL-2), 
and CTS (REL-14 and 41) programs, 
e) Major Component Specii ication  Control Drawing 
Rel iabi l i ty ,   Maintainabi l i ty ,   Safety Requirements-Goal : 
To assure  re l iab i l i ty ,  main ta inabi l i ty ,  and safe ty  
requirements for functions and components a re  r ea l i zed  
in t h e  actual  hardware. 
Rel iabi l i ty ,  maintainabi l i ty ,  and safety requirements 
and al locat ions,  es tabl ished in level IV and used i n  a l l  
assessment analyses,  are defined in the specification 
control drawings for a l l  hardware- Contribution to 
ove ra l l  system u n r e l i a b l l i t y  of major items is assessed 
as these  component detail  designs are developed, Manual 
calculat ions,  CTS (REL-14 and 4 1 )  and COBRA (REL-3) a r e  
primarily used f o r  these component assessments. 
f )  System D e s i g n  Maintainabili ty Analyses--Goal: 
Assessment of system design configuration against t h e  
maintainability requirements and al locat ions.  
This  assessment 1s manual- I t  supports t h e  r e l i a b i l i t y  
and safe ty  ana lyses  or block V-11, Accessibi l i ty  w i l l  
be studied and optimized through use of t he  computerized 
space  arrangement mockup - 
9) Airplane System R e l i a b i l i t y  and Maintainabili ty 
Evaluation--Goal: An evaluation of t h e  t o t a l  system i n  
the operat ional  environment t o  t h e  level of def in i t i on  
avai lable ,  
Simulation model (RFL-~ or REL-4) w i l l  evaluate 
in te rac t ions ,  major influences, controlling parameters, 
spec ia l  fea tures  and cha rac t e r i s t i c s  a f f ec t ing  
ut i l izat ion,  dispatch rel iabi l i ty ,  maintenance,  and 
l o g i s t i c s  f a c i l i t i e s  and costs, 
Variables such as f l e e t  s i z e ,  route s t ruc ture ,  
schedules ,   f l ight  time, and ground time a r e  altered t o  
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assess each change in design and evaluate  s t rengths  and 
weaknesses of each airplane in operational environmentsL 
h) Engine Change Capability--Goal: Tb determine  capabili ty 
of engine change w i t h i n  a time in te rva l  canpat ib le  with 
planned   u t i l i za t ion ,  
A l l  engine instal la t ions are  assessed w i t h  regard to 
access for both handling equipnent and personnel- 
Disposit ion of cowling, associated and intervening 
airplane s t ructure ,  engine bui ldup (EBU) requirements, 
and compatibil i ty with existing GSE are considered. 
Producibi l i ty  Review--Goal: To assure that the design decis ions 
a r e  commensurate w i t h  cost e f fec t ive  fabr ica t ion  and assembly 
practices.  
Producibi l i ty  is a prime consideration during the design 
solution phase, Affirmation by operations personnel is es sen t i a l  
before drawings are released. This a c t i v i t y  is i n i t i a t e d  as soon 
as the design solution is selected, 
The computer-aided design support group v e r i f i e s   t h a t   t h e  
aerodynamic wing which is defined in t h e  geometry control system 
(DGL-2) can be redef ined  in  t h e  master dimensions system (DGL-4) 
within the specified tolerance.  ( I n  an IPAD environment a common 
geometry system is used throughout a l l  design levels,) 
Propulsion--Goal: Perform detailed design and ana lys i s  of t he  
propulsion system- 
A detailed design and analysis  w i l l  be performed on a l l  major 
components of the propulsion system t o  v e r i f y  the propulsion 
system configuration. The network block IV-1Sa a c t i v i t i e s  a r e  
continued and w i l l  include further de f in i t i on  of the  nace l l e  
mounting structure, systems interface,  inlet  and nozzle 
integrat ion w i t h  acoust ic  mater ia ls  and thrust reverser,  
mechanical function integration, etc. 
S t a b i l i t y  and Control--Goal: To update the s t a b i l i t y  and control 
low-speed analysis  and cruise configuration lateral  and 
d i rec t iona l  control effect iveness  - 
The items examined include low-speed s t a b i l i t y  and control 
cha rac t e r i s t i c s  based on wind tunnel  da ta  tha t  m e e t  c r i t e r i a  and 
the estimates made for the a i r p l a n e  i n  level IV, satisfactory 
c o n t r o l  c h a r a c t e r i s t i c s  a t  hiyh angles of a t tack,  and l a t e r a l  and 
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d i rec t iona l  cont ro l  e f fec t iveness  for  the  c ru ise  conf igura t ion  
t h a t  m e e t  t he  estimates made i n  level IV. Also, t h e  c r u i s e  
conf igura t ion  longi tudina l  s tab i l i ty  and control., the control of 
engine fai lures ,  and f l igh t  s imula t ion  of c r i t i c a l  c o n d i t i o n s  a r e  
reviewed. 
S t a b i l i t y  and control analyses following the low-speed wind 
tunnel tests and cruise  configurat ion wind tunnel tests undertaken 
i n  block V-10 are s imi la r  t o  block V-6 which analyzed cruise 
configuration conditions only.  A basic aerodynamic understanding 
of the configurat ion exists supported by w i n d  tunnel  da ta  for  
blocks V-5 and V-10- Aeroelastic data f r o m  blocks IV-45 and IV-46 
a r e  used, with the rigid aerodynamics data, to permit a range of 
conditions over the e n t i r e   f l i g h t  envelope to be studied on the 
f l i gh t  s imula to r  fo r  cons t r a in t s  and problem areas such as engine 
f a i l u r e .  These must be i den t i f i ed  and incorporated i n  the design 
before project go-ahead in l eve l  VI is  commenced - SEC-3, -4, -6 ,  
-12, -14, and -17 technica l  program elements enable  the basic  
aerodynamic cha rac t e r i s t i c s  to  be calculated-  Handling qualities 
estimation w i l l  use  SEC-19,  which is a t rue pi lbted s imulat ion.  
The piloted simulation w i l l  consider the cur ren t  f l i g h t  c o n t r o l  
system, Pilot’s f l i g h t  d i s p l a y s  and cont ro l le rs  w i l l  be 
representat ive of those planned for  the airplane.  The simulator 
tests w i l l  a l so  review the a p p l x a b i l i t y  of des ign  c r i t e r i a  
r e l a t ed  t o  f l y i n g   q u a l i t i e s  and develop improvements where 
required- 
Static Loads”Generation of s t a t i c   l o a d s   i n  level V uses the same 
t h e o r i e s  a s  in the lower leve ls .  However, t he  qua l i t y  of t h e  
input is ref ined (e.g., t h e o r e b c a l  aerodynamics is replaced by 
wind tunnel data, then by f l i g h t  test da t a ) .  The coverage of t h e  
airframe is extended t o   t h e   e n t i r e   s t r u c t u r e   r a t h e r   t h a n  merely 
the pr imary s t ructure-  Loads  produced are  such t h a t  d e t a i l e d  
design may be completed, and the requirements of the  appropr ia te  
cer t i f ica t ion  au thor i ty  (e -g . ,  FAA, CAB) are met, together w i t h  
any spec ia l  company requirements. 
Loads on secondary structure (high-lif t  devices,  control 
surfaces,  fairings,  doors) are calculated by hand (the m e t h o d s  are 
not presently amenable to computerization) using data f r o m  a 
similar past  configuration, past  experience,  or wind tunnel data 
for the  ac tua l  conf igura t ion-  The format of the  loads may be 
anything from a simple hinge moment t o  a full-pressure contour 
map . 
In  addi t ion,  m a n y  s t u d i e s  a r e  performed, such a s  d e f i n i t i o n  
of fue l  t ransfer  weights  and penal t ies  resu l t ing  from nonstandard 
f l ight  amfigurat ions (e-g. ,  spare  engine carr iage)  . 
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The network shown i n  f igure  4 5  represents  typ ica l  da ta  paths 
through a subsonic static loads analysis (e ,g., f igure  29, block 
IV-26). It should not be assumed that a module shown is executed 
only once per pass, is executed on every pass, or is subject to  a 
fixed order of execution - 
A majority of t h e  load paths can be broken i n t o   t h r e e   s t e p s ;  ' 
1) reduction of w i n d  tunnel  data, 2 )  ca lcu la t ion  of the load 
d i s t r ibu t ion  and 3) se lec t ion  of critical conditions. The modules 
currently used to perform these t asks  are descr ibed  in  SLO-5 
through -41, I t  should not be implied that  modules w i l l  be 
s t ruc tu red  in  t h i s  manner a t  the time of IPAD impl,ementation. 
Condition data is always input by a knowledgeable user. The 
number of variables m a k e  automatic se l ec t ion  impracticable at t h i s  
t i m e .  
S t ruc tura l  Design"Goa1: Provide optimum feasible  design 
so lu t ions  for a l l  major s t r u c t u r a l  components (wing, body, 
empennage, nacelles and landing gear) and i n t eg ra t e  these 
components w i l l  a l l  other airplane systems. 
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The design of each component and the  major s t r u c t u r a l  j o i n t s  
which a t tach  it t o  the rest of the  ai r f rame w i l l  be defmed i n  
d e t a i l   s u f f i c i e n t   t o   p r e c l u d e  the p o s s i b i l i t y  of ser ious  
d e f i c i e n c i e s  l a t e r  i n  t h e  program, The depth of de t a i l  s tud ied  
w i l l  be commensurate with the complexity of t h e  proposed so lu t ions  
and w i l l  compensate, along w i t h  appropr ia te  s t ruc tura l  development 
t e s t s  (block V-10) , for  any lack of service experience with 
innovative designs. Studies w i l l  include any minor t rades  
required to opt imize the s t ructure .  
A t yp ica l  specimen of each structural element having multiple 
usage w i l l  be designed as w e l l  as each individual unique element, 
Section breaks, j o i n t s  and spl ices ,  fas teners ,  tolerances,  
f inishes ,  material gauges and t r i m ,  attachments, and protect ive 
coatings w i l l  a l l  be investigated in d e t a i l ,  Manufacturing 
methods for fabrication, assembly, and i n s t a l l a t i o n  of each 
s t ructural  e lement  and a i rp lane  component w i l l  be considered i n  
terms of producibil i ty,  cost, weight, and durabi l i ty .  Provis ions 
for equipment and systems w i l l  be incorporated into the primary 
s t ruc tu re  t o  minimize t h e  e f f e c t s  of space requirements and 
support hardware- Al load conaitions and des ign  c r i t e r i a ,  as 
w e l l  as s a f e t y  and cer t i f icat ion requirements ,  w i l l  be 
accommodated i n  the design a t   t h i s  level, 
The s t ruc tura l  des ign  detail  network and n a r r a t i v e   a t   t h i s  
design level (V) are s imi la r  t o  and are  rendered  to  the same 
degree of d e t a i l  as t h a t  shown i n  sect ion 6.6 f o r   d e t a i l  d e s i g n  
level VI through design evaluation stages- 
Special  s t ructural  design considerat ions are:  
Body: Control  cab windows, access doors and cutouts,  
pressure s h e l l  i n t e g r i t y  and f a i l - s a fe ty ,  s t ruc tu ra l  
continuity,  and compatibil i ty with the wing and empennage 
Wing: Structural   cont inui ty  and fa i l - sa fe ty ,   fue l  
containment, control surface Anstallation and systems 
equipment, and ' integration w i t h  t h e  body and landing gear 
Empennage: Structural continuity and fai l -saf  e t y ,  control 
su r f ace  in s t a l l a t ion ,  and systems equipnent and integration 
w i t h  the body 
Nacelles: S t ruc tura l   in tegr i ty ,  service access segments, and 
in tegra t ion  w i t h  the engine and propulsion system 
Wing-Body Joint:  The complexity of t h i s  j o i n t ,  w i t h  i t s  
requirements for continuity of load paths and compatibil i ty 
of def lec t ion  and s t r a in ,  necess i t a t e s  ana ly t i ca l  modeling.. 
G r e a t  care and a t t e n t i o n  t o  detail i n  this area a t  level V is 
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mandatory. Other considerations of m a j o r  importance are 
fabrication, assembly, and production sequencing of t h e  
airframe- Fuel containment has s igni f icant  in f luence  on 
these decisions,  
System Structures  Interface:  The systems-structure interface 
would be de f ined  in  a computer mockup. This wauld not  
replace the fu l l - sca le  mockups required i n  level V I  but  would 
permit  a l l  systems runs and equipment envelopes t o  be readi ly  
def ined   ear ly   in  the  design process so t h a t   s t r u c t u r a l  
designers can provide access and support as required w i t h  a 
m i n i m u m  of confusion- This mockup would be generated early,  
i n  blocks 111-2 and 111-12, and would permit input  re f ined  in  
block IV-17 and on through blocks V-11 and VI-3 t o  be 
r e t a i n e d   i n  the data bank throughout the program, 
The tasks required for this l e v e l   a r e  only br ief ly  discussed 
above. Most of the  s t ruc tura l  des ign  e f for t  should  be 
accomplish& a t  this stage, The primary tool w i l l  be t h e  
interact ive design program W A - S ) ,  which w i l l  be used i n  
conjunction w i t h  the appropriate  design analysis  program and the 
graphics program ADEZ ( E L - 7 )  - Examples of design analysis  
programs for major st ructural  e lements  are  the body frame design 
program (DSA-6) and the f l o o r  beam design program (DSA-7) . 
Data input w i l l  be f r o m  DGL-2 and -3 (GCS lofting) DSA-1, -2, 
-3, and -4, (structural  arrangement definit ions),  and STR-3, -4 
and -5 ( s t ruc tura l  s iz ing  for s t rength,  fa t igue,  and f a i l -safety)  , 
D e t a i l  s i z e s  of the s t ructural  e lement  (beam chords, shear 
w e b s ,  etc.) would be optimized during an i n i t i a l  r u n  of the design 
analysis  program, The design engineer would modify t h e  detail  
s i z e s  to  su i t  l oca l i zed  cons t r a in t s  and des ign  fac tors  for a 
typical element,  Comments concerning these modifications to the 
optimized design muld be stored i n  t h e  da ta  bank by the designer, 
These camments would be used by the staff personnel t o  understand 
the final design and by designers to  incorporate design 
innovations i n  n e w  a i r c r a f t  models. A f i n a l  run of t h e  design 
program would optimize the design of t h e  structural  element using 
data bank criteria and these last  design constraints  made by the 
engineers - 
The output of this t a s k  w i l l  be a complete de f in i t i on  of a l l  
s t ructural  e lements  and components necessary for the projec t  
design to begin level VI, Al data  and backup information w i l l  be 
stored in the data bank for i n t e rac t ive  design purposes, 
Structural  Sizing and S t r e s s  Analysis--Goal: To provide support 
for the level V s t r u c t u r a l  design (DSA-5, - 6 ,  -7, etc,) It 
inc ludes  de t a i l  stress ana lys is  and s i z ing  of a l l  r ep resen ta t ive  
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structural d e t a i l s ,  and covers integrat ion of major s t ruc tu ra l  
components (e-g- ,  solut ion of the wing-body jo in t )  . 
The s i z ing  and ana lys i s  in t h i s  level will provide the first 
basis fo r  de t a i l  des igns  such  a s  jo in t s ,  f i t t i ngs ,  s t r i nge r  
configurations,  body frames, bulkheads, spars, control surfaces, 
ribs, attachments for landing gears,  nacelles,  oontml surfaces,  
etc. The analysis  will cover static s t rength ,  fa t igue .  f rac ture  
mechanics,  and f a i l  s a f e .  A l s o ,  local  opt imizat ion w i l l  take 
place. The optimization will be directed toward items such a s  
stringer configuration and spacing, r i b  spacing, frame spacing, 
and joint  configurat ions and pr inciples  (STR-1 t o  -5). The impact 
of new gages and f l e x i b i l i t i e s  w i l l  be established by load 
recycling - 
The analysis w i l l  a lso include areas  inf luenced by component 
integrat ion such as  the wing body jo in t ,  where t h e  influence on 
load dis t r ibut ion due t o  component in te rac t ion  will be established 
u s i n g  f i n i t e  element ana lys i s -  (See STR-7 to -13.) 
System Design--Goal: To cont inue def ini t ion of systems until a l l  
design requirements have been iden t i f i ed  and a l l  equipment items 
a re  iden t i f i ed  as ex i s t ing  or capable of development- 
All systems design a c t i v i t i e s  a r e  s i m i l a r  i n  level V. These 
are described below. 
D e t a i l  installation layouts for equipment items a r e  drawn 
using computer-aided drafting practices (DGL-7, -8  and -9)  - 
The in te r face  wi th  s t ruc ture  for mounting provisions is  
entered i n  the  s t ruc ture  da ta  base, and a space def ini t ion of 
t h e  component is entered in  t h e  computer mockup (Dm-3) - 
System schematic diagrams developed i n  block IV-17 are 
updated. 
Init ial  schematic diagrams of the e l e c t r i c a l   c i r c u i t s  for 
each system are developed, and planning for integrat ion w i t h  
the w i r e  release system (ST”21) is i n i t i a t e d .  
Selection of ex i s t ing  ‘off-the-shelfu equipment is completed, 
and preliminary procurement specifications for new equipment 
items are i n i t i a t e d -  
The tes t ing  requi red  t o  verify system performance is 
i n i t i a t e d  - 
Maintenance plans for each system are i n i t i a t e d  and 
r e l i a b i l i t y   g o a l s  are established. 
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Other s y s t e m  a c t i v i t i e s  w i l l  occur a t  level V, For example, 
a s teer ing  and ground-handling simulation (STM-19) will be 
conducted t o  develop additional design cri teria for   the   l anding  
gear. Hydraulic system dynamic, s iz ing ,  and thermal analyses are 
conducted (STM-5, -6 ,  -7) - Brake s iz ing  and landing gear 
f lo ta t ion   ana lyses  w i l l  be  updated (S'1M-16, -17) Trade s tudies  
such  as  a l te rna te  APU locations (STM-9) w i l l  be conducted, 
The system design d e t a i l  network and nar ra t ive  a t  th i s  des ign  
level (V) is s imi la r  t o  t h a t  shown i n  s ec t ion  6.7 f o r  systems 
design level 111- 
Weights (Type D) "Goal: To calculate type D weight , balance, and 
loadab i l i t y  fo r  a configuration which has been s ized  for  s t rength ,  
fatigue, f l u t t e r ,  and dynamic loads. 
To accomplish th i s  involves  technica l  program elements tha t :  
Execute weights update control (WTS-15) t h a t  would re-execute 
only those portions of the weights technical program elements 
whose input  had changed. 
Update wing, body, and empannage mass elements based on 
s t ress -s ized   sk in ls t r inger   mater ia l   re f ined  by local 
applications of f i n i t e  element s t ruc tu ra l  ana lys i s  (WTS-21). 
Update 
Update 
19)  . 
Update 
Update 
w i n g  secondary structure mass elements (WTS-18) - 
body/empennage secondary structure mass elements (WTS- 
landing gear m a s s  elements (WTS-9) - 
nacel le  and s t r u t ,  propulsion, fixed equipment, and 
standard and operat ional  mass elements which w i l l  require 
development of a new t e c h c a l  program element (WTS-23) to  
accommodate a grea te r  level of detail, espec ia l ly  in the  
systems areas, than i s  avai lable  by using technical program 
element WTS-10 I 
U p d a t e  f u e l  mass elements (WTS-11) - 
Accumulate mass elements within each structural panel and 
Calculate weight, center of gravity,  and i n e r t i a  for each 
structural  panel  and for the wing, body, and empennage (fiJTs- 
12)  * 
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Generate a weight statement patterned after t h e  AN9102-D 
format based OR the previously updated mass elements (WTS- 
13) . 
Calculate total  a i rp lane  mass proper t ies  for various points 
on the balance diagram and determine updated panel mass 
proper t ies  for recycl ing through the s t ructural  analyses  
( W - 1 4 )  - 
Block V-12, Estimate Proqram Costs--Goal: To provide program 
management w i t h  i n i t i a l  program cost estimates.. 
I n i t i a l  program cost estimates w i l l  include several 
product ion quant i t ies .  Estimates of hours and dollars a r e  
provided and detail  cost elements are summarized by sec t ions  and 
components of the a i rp l ane  fF’NC-2) * A n  assessment is made of the 
production cost over a period accounting for changes i n  the 
manufacturing schedule for introduction of new custuner 
configurations- The impact of der iva t ives  from t h e  base model is 
assessed (F’NC-3) - Return on investment and cash flow by year is 
estimated (FNC-4) .. 
Block V-12. Manufacturinq Keview-%oal: To provide  Operations 
with advanced design data to complete t h e  company resources review 
and to prepare the manufacturing plan. 
Operations must continue the program planning  ac t iv i t ies  
started i n  block IV-55- Based on itemized work statements,  the 
make-or-buy and manufacturing plans are developed. The estimate 
of available in-house xesources is f i n a l i z e d -  
Block V-13. Summarize and  Review”Goa1: Summary of a l l  design 
and ana lys i s  tasks, test r e s u l t s ,  etc, 
This activity comprises a review of the design with 
associated program costs and marketing, product assurance, and 
manufacturing requirements (block V-12) ; ac t ion  t o  determine 
whether design and a n a l y s i s   t a s k s   i n  block V-11 are coordinated 
w i t h  t h e  same technology level; and a decision concerning the need 
for fu r the r  tests i n  block V-10, 
Block V-14- Recycle?--Goal: Man decision whether to recycle the 
tasks of blocks V-10 through V-12 (tests, design/analysis, program 
costs) r e su l t i ng  from the  summary and review undertaken i n  block 
V-13. 
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Block V-l.S.-- ~ Confiquration Acceptable”Goa1: Man decision to  
review i n t e g r i t y  of the technical design concerning a management 
recommendation for product go-ahead. 
This is a critical event; any configuration change after 
design level V is disas t rous  to budget and schedule. Design level 
V I  manpower effort, which follows, is increased s ix  to  t en  times 
over t h a t   i n  level V1 T i m e  and manpower expended on a discarded 
configuration a t   l e v e l  V I  multiply t h e  losses experienced in  a 
discarded confiuration in level V. 
” - Block V-16. Technical R e v i e w ” G o a 1 :  R e v i e w  by technical  
cormnittee on the act ion t o  be t a k e n  following unacceptable results 
for configuration (block V-15) ,  sales (block V-18) , firm orders 
(block V-19) and product go-ahead (block V-21) , 
Block V-17.  Manaqement Review--A technical r e v i e w  is presented t o  
management, based on engineering report in blocks V-13 and V-15, 
Block V-19- Firm Orders--This 1s a major program milestone and 
supports a decision t o  recommend d product go-ahead t o  management. 
Block V-21. Product Go-Ahead--This is a major program milestone, 
Management authorizes go-ahead with product design, manufacture, 
ve r i f i ca t ion ,  and support. 
6.2.3-6 Level VI: Product Detail Desiqn 
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The end i t e m  of level VI effort is a detai led descr ipt ion of 
the product  to be b u i l t -  The description includes drawings, 
specifications,  processes,  and quan t i t i e s .  
Level VI w i l l  begin when the decis ion has been made to  commit 
the design t o  p ro jec t  s t a tus  and whi le  t h e  r i s k  of d e t a i l  
configuration change is very small, This level w i l l  dominate the  
group of W A D  levels denoted as t h e  product levels (de t a i l  design, 
manufacture,  verification, and support while i n  s e r v i c e ) ,  The 
a c t i v i t i e s  of level V I  w i l l  r equi re  carefu l  management control,  
The design, analysis,  and t e s t ing  w i l l  be discussed by cer ta in  
areas. 
There is a general  procedure that an engineer uses i n  the 
design process for  each item, To i l l u s t r a t e  t h i s  p r e m i s e ,  two 
design items (a s t ruc tu res  and a system design) w e r e  selected and 
detail design networks prepared of the step-by-step process for 
t he i r  de t a i l  des ign .  Although the depth of the  s t ruc tura l  des ign  
network is greater than the fuel system network, the same 
procedure is requi red  in  each  and the premise is true, (See 
section 6 .6  f o r   d e t a i l  network for a s t r u c t u r e  des ign  and section 
6 - 7  f o r   d e t a i l  network for a system design,) 
The general  network for product detail design network 
description of figure 37 and f igure  60 follows. 
Block VI-1,  Establish Preliminary Desiqn/Product 1nterface"Goal:  
To provide program management, the engineering design project,  
engineering technology staffs, finance, marketing, and 
manufacturing operations w i t h  a consis tent  data  base def ini t ion of 
the preliminary design configuration. 
Many preliminary design-to-product interface activit ies 
occur. The plans and schedules required for program management 
(program, engineering cost  and schedules, design development and 
ve r i f i ca t ion  test, and customer support plans)  a re  f ina l ized .  
The da ta  base de ta i l  conf igura t ion  def in i t ions  a re  improved. 
For example, the configurat ion def ini t ion is f ina l ized  to  include 
a complete manufacturing-oriented master dimension definition of 
t he  lofts (DGL-4) - The weights accountabili ty (type D weights) is 
revised as required for engineering, finance, and manufacturing 
WS-22) , Weights accountabili ty has been s t ructured t o  provide: 
A meaningful de f in i t i on  of the  product  in  terms of weight 
data and descr ipt ions 
A meaningful weight history for evaluation of the final 
product design 
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The f l e x i b i l i t y  t o  handle a var i e ty  of design  projects  
A s y s t e m  t h a t  can interface with t h e  previously executed 
weights analysis programs 
A system which is e f f i c i e n t   i n  terms of data and input, 
ed i t ing ,  and  ver i f ica t ion ;  in te rna l  da ta  s torage  and 
manipulation; and output  data  report generation 
Block VI-2,- -Tests (Development) --Goal: To perform t h e  tests 
necessary to  do the de ta i l  des ign  of the product- This does not  
i nc lude   f i na l   ve r i f i ca t ion   t e s t ing -  
The following tests are a cont inua t ion  of  the  tes t ing  
conducted f o r  block V-10 and are only a sample of the  requi red  
t e s t i n g -  
Propulsion--Goal: P e r f o r m  necessary tests to  support deta i led  
design of the propulsion system, 
T e s t s  performed w i l l  provide data to  support detailed design 
of the propulsion system and will include tests such a s   i n l e t  
d i s to r t ion ,  noise suppression, etc. 
S t ruc tura l  Tests”Goa1: This  tes t ing  is  directed toward 
subassemblies; its prime purpose is t o  co r re l a t e  between 
ana ly t ica l  and f a c t u a l  stress d i s t r ibu t ions -  It concerns itself 
mainly w i t h  s t r u c t u r a l  details, such as wing body jo in ts ,  cu touts  
(body doors, wing access holes) areas of load red is t r ibu t ion  
(landing gear beam attachments,  control surface attachments,  
nacelle attachments,  wing attachments, empennage attachments, 
bulkheads, etc.) - 
I t  cons t i tu tes  a ver i f i ca t ion  of the s t r u c t u r a l   d e t a i l s  for 
which past  experience is i n su f f i c i en t  and provides data for 
updating the s t ruc tu ra l  s i z ing .  
Systems Tests--Goal: To conduct  development tests required t o  
v e r i f y  that  performance of each system is as predicted or  is an 
acceptable  deviat ion-  
The following are t w o  examples of f l i g h t  c o n t r o l  system 
t e s t i n g  - 
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a) Control System  Development Fixture (Iron Bird)"Goal: 
Design and f ab r i ca t e  the test hardlware and perform the 
control system tests. 
The control system development fixture consis ts  of 
f l i gh t   qua l i t y   con t ro l  system hardware attached to a 
boi lerplate  s imulat ion of the airplane.  Geometry and 
local s t r u c t u r a l  s t i f f n e s s  are simulated, The fixture 
permits a complete functional checkout of the  cont ro l  
system. Also, control  surface and actuator response 
tests may be performed.  Control system analysis  
programs (FCS-1 or F'CS-2) and digitar. simulations (FCS- 
8, FCS-9, FCS-10, or SEC-19) will be required t o  
i n t e r p r e t   t h e  test r e s u l t s  and a s s i s t  w i t h  the conduct 
of the tests- 
b) Control System  Response  Tests--Goal:  Measure control 
surface and sensor responses, 
"he f l ight  control  system design is dependent upon the 
transfer functions of the f l i gh t  con t ro l  cmmponents 
integrated into the airplane. These tests w i l l  be 
performed upon a f l i g h t  article, probably t h e  same 
a i rp lane  used for the ground v ibra t ion  tes t ing .  The 
test procedure w i l l  be to run frequency responses of the 
control surfaces,  Measurements w i l l  be taken of the 
control surface motion, f l i g h t  c o n t r o l  sensor outputs,  
feedback signal to the control surfaces,  and various 
test pickups mounted on the a i rp lane  s t ruc ture ,  A 
variat ion of this test w i l l  be t o  increase the feedback 
gain until an o s c i l l a t o r y  condition is real ized.  In  
e i t h e r  case, a mathematical model of the airplane i n  t h e  
tes t  configuration w i l l  be required. The mathematical 
model w i l l  be adjusted and cor rec ted  to  force agreement 
w i t h  the test  resu l t s .  These adjustments and 
corrections w i l l  then be extended t o  t h e  mathematical 
models of the  a i rp l ane  in  the  f l i gh t  conf igu ra t ions .  
Wind Tunnel Tests-Goal: To provide configuration testing to 
improve aerodynamic descr ipt ion of t h e  ai rplane;  improve areas of 
l o w  l i f t ,  high drag, interference, etc.; support the aerodynamic 
cleanup program; and accomplish f i n a l   t e s t i n g  to supply 
aerodynamic data  to support performance guarantees. 
Other goals are s t a b i l i t y  and control tests t o  solve problems 
and uncertainties a r i s i n g  f r o m  analysis of level V wind tunnel 
tests, control surface hinge mment testing to e s t a b l i s h  f l i g h t  
con t ro l  ac tua to r  s i zes  w i t h  more accuracy, extensive control 
surface effect iveness  tes t ing,  ( including interference effects) 
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for detailed control system design, detailed pressure model 
tes t ing  for  loads  eva lua t ion ,  and wind tunnel f l u t t e r  model 
t e s t i n g  t o  confirm and complement ana ly t i ca l   f l u t t e r   p red ic t ions  
of levels V and V I  and to ver i fy  the cont ro l   sys tem  s tab i l i ty  
margins i f  a f lu t te r  suppress ion  system is employed, 
Analy t ica l  f lu t te r  pred ic t ions  made in levels V and V I  are 
ve r i f i ed  and cmrtplemented w i t h  extensive wind tunnel  tes t ing  t o  
provide substant ia t ing information,  par t icular ly  in  the areas 
where s t r u c t u r a l  and  aerodynamic uncer ta in t ies  ex is t ,  Dynamically 
scaled f l u t t e r  models of t he  a i rp l ane  and its components are 
t e s t ed  i n  low-speed and t ransonic  wind tunnels,  
I n  low-speed tests, f l u t t e r  c h a r a c t e r i s t i c s  and c r i t i c a l  
f l u t t e r  speeds of primary surfaces of the  a i rp lane  and s e n s i t i v i t y  
of f l u t t e r  t o  various design parameters w i l l  be determined- In 
transonic tests, Mach e f f ec t s  ( e spec ia l ly  the high subsonic 
reg ion)  on  overa l l  a i rp lane  f lu t te r  and buzz cha rac t e r i s t i c s  of 
control  surfaces  will be determined,. I f  a f lu t te r  suppress ion  
system is required, t h e   f l u t t e r  model test will verify control  
system s t a b i l i t y  margins. The tes t  w i l l  compare experimental gain 
margin, phase margin, and gain peaking with theoretical  results- 
The cont ro l  systems analysis program of FCS-1 w i l l  be used to  
p r e d i c t  s t a b i l i t y  margins of the model- Finally,  system tailoring 
tests w i l l  be performed on APU and a i r - cond i t ion ing   i n l e t s ,   p i to t  
s t a t i c  p rov i s ions ,  etc. 
Block VI-3, Desiqn/Analysis”Goal: To perform t h e  design and 
analysis  tasks  necessary for  the detailed design of a l l  the par t s .  
The a c t i v i t i e s  of t h e  d i f f e r e n t  t echn ica l   d i sc ip l ines  w i l l  be 
summarized, In  addi t ion t o  t h e  items discussed b e l o w ,  in te rac t ive  
graphics w i l l  be extensively used for deta i led  par t s  des ign ,  The 
lof t ing  technica l  program elements w i l l  be coupled with the 
various design and analysis  technical  program elements to support 
this design. 
Aerodynamics/Performance--All ot the design and analysis elements 
available within aerodynamics w i l l  be used a t  this level, ARO-1 
t o  -6 and -17 w i l l  be used for deta i led  wing, body, empennage, 
nacel le ,  and pylon design and analysis for both wind tunnel  models 
and production configurations. 
Drawing Release System”Goa1: To c o n t r o l  t h e  l i s t i n g  and release 
of parts information to  manufacturing- 
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Drawing release provides an administrative and c l e r i c a l  
service to engineering design, and acts as t h e   i n t e r f a c e  between 
the design organizat ion and downstream organizations using 
engineering d r a w i n g s  and r e l a t ed  data- 
In  support  of the engineering design organization, the 
release funct ion assigns and maintains appropriate records for 
drawing and p a r t  numbers, drawing sheet numbers, revision 
iden t i f i ca t ions ,  and control  numbers for supportive engineering 
documenation. It receives completed  packages of engineering 
drawings and data f r o m  design groups, processes packages t o  
complete record keeping, and issues drawings and related data t o  
the reproduction unit for  d i s t r ibu t ion  to  the using organizations. 
In  support  of user  organizat ions,  the release funct ion 
provides engineering data required t o  accomplish planning, 
ordering, producing, purchasing, and accounting for a l l  hardware 
components. It produces indexes of drawings t o  be suppl ied  to  
customers, representing configuration of the product purchased. 
Inherent i n  an automated drawing r e l ease  system is the 
a b i l i t y  to  monitor schedule performance (actual drawing release 
dates versus scheduled dates], and t o  generate t imely reports t o  
management ident i fying actual or impending schedule nonconformance 
which may adversely affect  t h e  program, Additionally,  it may be 
used to provide  ex t rac ts ,  audi t s  and s t a t i s t i c a l   d a t a  t o  s a t i s f y  
ei ther  s tandard or spec ia l  repor t  reques ts -  It contains a 
historical log which may be used t o  t r a c e  the changes of product 
configuration. 
Dynamic Loads--All of the dynamic loads analyses performed i n  
levels IV and V will be repeated 1 ~ 1  levels VI using the same 
t heo r i e s  and programs but w i t h  re f ined  input  da ta  as  it becomes 
avai lable ,  
Input data is ref ined by employing wind tunnel  da ta ,  f l igh t  
test data,  and ground v ibra t ion  test da ta  cor rec t ions  to  the 
theoretical data.  The q u a l i t y  of the  ana lys i s  is improved by 
increasing the number of e l a s t i c  modes and employing residual  
s t i f f n e s s  i n  the analysis  i n  conjunction with the refined data,  
In  addi t ion,  many smaller design problems will be solved as 
t h e  need arises. These problems are d i f f i c u l t  t o  predict  i n  
advance but w i l l  be on the order of changing  nace l le  f lex ib i l i ty  
t o  lower wing-nacelle  attachment  loads - 
Fl ight  Control System Synthesis and  Analysis"Goa1: To complete 
de f in i t i on  of the f l i g h t  c o n t r o l  system. 
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The work of level V w i l l  be continued; however, t h e  detail 
w i l l  b e  s u f f i c i e n t  f o r  f i n a l  drawing release.  The aomputational 
a c t i v i t y  w i l l  be similar to block V-11, and t h e  computer programs 
of FCS-1 through FCS-11 and SEC-19 w i l l  be used. Special izat ions 
of the foregoing list of programs may be required- These changes 
may be temporary (one time) or may r e s u l t   i n   t h e   d e f i n i t i o n  of a 
new computer program which is v a l i d  for only one a i rp lane-  Also, 
addi t ional  computer programs are required to solve spec i f i c  
problems t h a t   p e r t a i n  t o  a par t icu lar  a i rp lane  pro jec t -  
Flight Simulator”Goa1: Provide a s imulat ion of  the airplane i n  
f l i g h t .  
The fixed base simulation w i l l  be s imi la r  t o  t h e  work 
performed i n  block V-11; however, as t i m e  progresses, m o r e  detail 
is introduced - 
The e f f e c t s  motion produces upon the p i l o t  w i l l  be measured 
by use of a moving base simulator i n  a d i f f e r e n t   f a c i l i t y   t h a n   t h e  
fixed-base simulation- Discrete gusts, wind shears,  random 
turbulence, failures, and pi lot  input  provide the exc i ta t ion  to 
dr ive  t h e  cab, The primary result  of t h e  simulator study is the 
p i l o t   r a t i n g  changes produced by motion. 
Flutter--Goal:  Perform f l u t t e r  a n a l y s i s  t o  s u p x x t  d e t a i l  d e s i g n ,  
The f l u t t e r  work of  level  V w i l l  be continued t o  t h e  detail 
required for f ina l  des ign ,  The computational activity and 
computer programs used w i l l  be the s a m e  a s  level V, Additional 
computer programs may be required to solve specif ic  problems which 
a re  pe r t inen t  to the par t icu lar  a i rp lane  pro jec t ,  If 
uncer ta in t ies  of theore t ica l  p red lc t ions  ex is t ,  they  w i l l  be 
resolved experimentally- 
Plans and Schedules”Goa1: To provide program management, 
operations, marketing, and finance with plans and scheduling 
information I 
The block V-11 est imates  of the engineering release schedule 
and manpower plan,  the product developnentflerification test 
plans,  and the manufacturing schedule are updated, Identification 
of cr i t ica l  schedule  items (e-g., forgings, mockups, etc,) is 
continued - 
An integrated engineering schedule is i n i t i a t e d  t o  iden t i fy  
and def ine the schedule  re la t ionships  between the  t echn ica l  t a sks  
t o  be performed by the var ious design project  groups and the 
technology staff groups during the f ina l  des ign  p rocess  in  level 
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VI- The purpose is to ensure schedule integration between tasks  
which are highly interdependent i n  terms of technical  data  
a v a i l a b i l i t y  and timely performance of design and technical  tasks 
relative to data-  The integrated engineering schedule (s) sets 
forth the major milestones represent ing the following schedule 
dependencies: 
D e s i g n  project group schedule requirements f o r  key in te r face  
design data from another design project group upon which 
t h e i r   e f f o r t  i s  dependent 
Design projeck group schedule requirements for key technical 
data from a technology staff d i sc ip l ine  group upon which 
t he i r  des ign  e f for t  is dependent 
Technology staff discipline group schedule requirements for 
key design data f r o m  a design project group upon which their 
technical tasks are dependent 
Technology staff discipline group schedule requirements for 
key technical  data  from another technology staff disc ip l ine  
group upon w h i c h  their technical tasks are dependent 
Product  Assurance: 
a)  Airplane System D e t a i l  D e s i g n  Re l i ab i l i t y   Sa fe ty  Analyses-- 
Goal: Iro incorporate  addi t ional  design detai l  into the level 
V r e l i a b i l i t y  and safety analyses  and revise and update level 
V system simulation models w i t h  new data from level V I  design 
e f f o r t -  F a u l t  tree simulations (REL-S), AR" (REL-2), COBRA 
(REL-3), and CTS (REI,-14 and -41) models will be updated as 
required t o  assess impact of level V I  additional design 
detai l -  Re-al locat ions as required w i l l  be i den t i f i ed -  
b) System Design Maintainabili ty Analyses--Goal:  Assessment of 
system design configuration against the maintainabili ty 
requirements and al locat ions.  This assessment is manual- It 
s u p p o r t s   t h e   r e l i a b i l i t y  and safety analyses  of VI-3, 
Accessibi l i ty  w i l l  be studied and optimized through use of 
the computerized space arrangement mockup- 
c) Component Specif icat ion Control D r a w i n g  Rel i ab i l i t y ,  
Maintainabili ty,  Safety Requirements--Goal: To assure  tha t  
re l iab i l i ty ,  main ta inabi l i ty ,  and s a f e t y  requirements for 
functions and components are  real ized in the ac tua l  hardware- 
Rel iabi l i ty ,  maintainabi l i ty ,  and safety requirements and 
al locat ions,  es tabl ished i n  level N and used i n   a l l  
assessment analyses,  are defined in the specification control 
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drawings f o r  a l l  hardware, Contribution t o  ave ra l l  system 
u n r e l i a b i l i t y  of components is assessed as these  component 
d e t a i l  designs are developed, M a n u a l  calculat ions,  CTS (REL- 
14 and -411, and COBRA (REL-3) are primarily used for these 
component assessments 
d)  Airplane System R e l i a b i l i t y  and Maintainability  Evaluation-- 
Goal: An evaluation of the  total system i n  the operational 
environment 
Simulation model (REL-1 or REL-4) will evaluate  interact ions,  
m a j o r  influences,  controll ing parameters,  special  features,  
and charac te r i s t ics  a f fec t ing  u t i l i za t ion ,  d i spa tch  
rel iabi l i ty ,  maintenance,  and l o g i s t i c s   f a c i l i t i e s  and costs. 
Variables such as f lee t  s ize ,  rou te  s t ruc ture ,  schedules ,  
f l i g h t  time, and ground time are a l t e r ed  to assess each 
change i n  design and evaluate  s t rengths  and weaknesses of 
each a i rp lane  in  the  opera t iona l  environment. 
Propulsion--Goal: To complete final design and development of the 
propulsion  system - 
The l eve l  V a c t i v i t i e s  are continued t o  complete design and 
integrat ion of the nacelles arid mounting s t ruc tu res ,  The 
techniques and ac t iv i t ies  descr ibed  in  the  fo l lowing  sec t ions  of 
=structural  design" and -systems design" a re  appl icable  to the 
propulsion system, 
S t a b i l i t y  and Control--Goal: To complete a l l  a i r p l a n e  s t a b i l i t y  
and control analysis; control interference effects, thrust 
reverser e f f ec t s ,  and unusual  contqurat ion effects ;  analyze al l  
wind tupnel  tes t ing ;  s i z e  actuators from control surface wind 
tunnel tests i n  block VI-2; do detailed control  surface 
effectiveness analyses t o  a s s i s t  control system design; and 
perform f l igh t  s imula t ion  of a l l  design conditions including 
fai lures ,  turbulence,  and gust e f f e c t s ,  
T h i s  l eve l  is t h e  product detail  design phase where analyses 
are aimed at achieving a to ta l  practical  airplane control system 
and SAS design in conjunction w i t h  complete understanding of the 
bas i c  f ly ing  qua l i t i t e s  of the  configurat ion,  Wind tunnel tests 
i n  block VI-2 w i l l  not  only update previous wind tunnel data of 
level V but w i l l  provide an extensive range of aerodynamic da ta  
for a l l  poss ib le  cont ro l  sur face  appl ica t ions ,  h igh- l i f t  
application, speed brakes, landing gear, thrust reversers, etc, 
Aerodynamic cha rac t e r i s t i c s  w i l l  be calculated from wind tunnel 
d a t a  i n  program elements (SEC-3, -4, - 6 ,  -l2., -14, -17) - 
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Aeroelast ic  correct ions w i l l  o r ig ina t e  from s t ruc tura l  load  
analyses undertaken i n  block V-11- Control surface actuators w i l l  
be res ized   us ing   r ig id   h inge  moment data  from wind tunnel t e s t s  
block VI-2 and w i t h  a e roe la s t i c  corrections obtained from 
s t r u c t u r a l  load analyses i n  block V-11- Actuator rate 
requirements w i l l  be specified from the  f l i gh t  s imula to r  tests 
undertaken i n  block V-11, and fu r the r  simulator t e s t i n g   i n   t h i s  
level VI. Piloted simulation w i l l  be extensive and w i l l  
incorporate the cur ren t  f l i g h t  control system. Pilot displays and 
controls w i l l  be representat ive of the a i rp lane-  A n  assessment of 
f l i gh t  oon t ro l  system e f fec t s ,  gea r ings ,  r a t e s ,  etc-, on handling 
q u a l i t i e s  w i l l  be made in conjunction with assessment of fdilure 
modes (mechanical,  hydraulic,  engine  thrust). Models t o  simulate 
d i sc re t e  gus t s  and turbulence w i l l  be incorpora ted  in  the  f l igh t  
simulation, 
Static Ioads"Generation of static loads i n  l e v e l  VI uses the  same 
t h e o r i e s  a s  i n  t h e  lower levels. However, the qua l i ty  of the 
input is re f ined  (e -g- ,  theoretical aerodynamics is replaced by 
wind tunnel data and f l i g h t  test data) - The coverage of the 
airframe is extended to  the entire s t r u c t u r e  rather than only the 
primary structure.  Loads produced are such tha t  de ta i led  des ign  
may be completed and the requirements of t h e  appropriate 
cer t i f ica t ion  au thor i ty  (e -g- ,  FAA) are m e t ,  together w i t h  any 
spec ia l  company requirements. 
Loads on secondary s t ructure  (high-l i f t  devices, control 
surfaces,  fairings,  doors,  etc.) are  calculated using data  from a 
s imi la r  past configuration, past  experience,  o r  wind tunnel  data  
for the actual  configurat ion.  The format of the loads nlay be 
anything from a simple hinge moment to a ful l  pressure contour  
map- 
In  addi t ion,  many s t u d i e s   a r e  performed within t h e  loads 
organization (e-g., de f in i t i on  of fuel  t ransfer  weights ,  
def in i t ion  of penal t ies  resu l t ing  f r o m  nonstandard f l i g h t  
configurations such as spare engine carriage),  the output of which 
may not be passed t o  other technologies, 
The network shown i n  figure 45 represents  typical  data  paths  
through a subsonic static loads analys is -  It should n o t  be 
assumed t h a t  a module shown is executed only once per pass, is 
executed on every pass ,  or  i s  subject t o  a fixed order of 
execution. 
A majority of the load paths can be broken i n t o  three steps: 
1) reduction of w i n d  tunnel  data ,  2 )  ca lcu la t ion  of the load 
d is t r ibu t ion ,  and 3) se lec t ion  of c r i t i c a l  c o n d i t i o n s  t o  be passed 
to the stress organization. The modules current ly  used to  perform 
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these  t a s k s  are descr ibed  in  SLO-5 through -41, It should not be 
implied that modules will be structured i n  t h i s  m a n n e r  a t  the time 
of IPAD implementation I 
Condition data is always input by a knowledgeable user, The 
number of var iab les  m a k e  automatic selection impracticable a t  this 
t i m e .  
S t ruc tura l  Design-Goal: Expand and r e f ine  the  s t ruc tu ra l  des ign  
as defined in block V-11 i n t o  a completely detailed engineering 
package, This package would consist primarily of d a t a  f i l e d  i n  
t h e  computer da ta  bank, b u t  could also include any desired 
hardcopy such as engineering drawings, documents, specif icat ions,  
or reports.  
It is intended that no new s t ruc ture  des ign  def in i t ion  be 
accomplished a t  block V I - 3 ,  but only expansion and refinement of 
solut ions and concepts of block V-11,  It is h e r e  t h a t  t h e  r e a l  
capab i l i t i e s  of the computer can be u t i l i z e d  to provide efficiency 
i n  the design process- The design def ini t ion of a single body 
frame, floor beam, or w i n g  rib from block V-11 can be repeated 
almost  instant ly  2 ,  4, or  even 50 t i m e s ,  It can be r ead i ly  
modified t o  accommodate any number of opt iona l ,  a l te rna te ,  o r  
spec ia l  cases of similar concept- These special  cases  would 
include exceptional geometr ic  or spa t i a l  l imi t a t ions  on  the 
structure, unusual manufacturing or assembly conditions, or 
d i f f e r ing  sea l ing  or system-to-structure interface requirements, 
Only the incremental change i n  the design would require study 
while the data base would retain--instantly available--the 
remaining p a r t  of the  des ign-  Such a concept would be especial ly  
valuable for an area-ruled body. Every frame would be s imilar  i n  
concept but of different  diameter  w i t h  varying stringer p i t ch -  In  
l i k e  manner, a l l  f l o o r  beams would be of d i f fe ren t  length ,  The 
problem of re ta in ing  and u t i l i z i n g  such information is 
pa r t i cu la r ly  w e l l  s u i t e d  to  the  computer, 
The systems-to-structure interface would be ref ined in the 
computer mockup iden t i f i ed  in  b lock  V-11, but  a  ful l -scale  c lass  
111 m0ckup would also be necessary and will be defined in  block 
VI-4. 
G r e a t  e f f i c i enc ie s  would be derived from both the speed and 
accuracy of data transfer between t h e  men and machines in  the 
interactive design process,  In addition, with fewer people 
involved, the management can be =re concerned with technical 
considerations and less with manpower, Hopefully, the peak on the 
engineering manpower mountain presently necessary in product 
de ta i l  des ign  can be reduced because of a more thorough 
preparation i n  block V-11 and the  improved design efficiency of 
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t he  in t e rac t ive  tool @SA-5) and the design analysis  programs 
@SA-6) and on. 
A l l  of the design connsiderations,  criteria, and cons t ra in ts  
of blocks 111-12, IV-24a, and V-11 w i l l  continue t o  influence the 
design process a t   t h i s  level. Great a t t en t ion  to f i n e  detail w i l l  
be mandatory to- complete the design package, Al fabr ica t ion  and 
instal la t ion requirements  for  every par t  and assembly must be 
determined d u r i n g  l e v e l  VI- These requirements include hardware 
material ,  heat treatment,  geometry, f i t -up tolerance w i t h  adjacent 
parts,  fastener spacing and location, surface f in i sh ,  and 
protective  coating  requirements. (See sect ion 6.6,  Detai l  
Network, for  s t ructural  design.)  
One po ten t i a l  bene f i t  of the use of IPAD will be 
i den t i f i ca t ion  and control  of parts. This control and 
iden t i f i ca t ion  would begin w i t h  p a r t  numbering and automated p a r t s  
r e l e a s e  a t  l e v e l  VI. Manufacturing and m a t e r i a l  v i s i b i l i t y  of 
these pa r t s  begins a t  t h i s  point.  Raw mater ia l  orders ,  NC 
programming, and l a rge  tool planning would a l l  use the data base 
inputs made a t  t h i s  level- A most important aspect is t h a t  t h e  
data would a t  t h i s  p o i n t  be i n  a iorm accessible and acceptable t o  
operations without requiring conversion for automated fabr ica t ion  
techniques - 
@ 
Structural  Sizing and Stress Analysis”Goa1: The object ive of 
this task is to perform stress analysis  and s iz ing  of individual 
components (i-e-, i den t i fy  and size each individual body frame and 
a l l   o t h e r  detail par ts)-- in  other words, increase the refinement 
from representat ive t o  individual designs (DSA-5, - 6 ,  -7, etc,) ,  
T h i s  s iz ing  and ana lys i s  covers  a l l  des ign  de ta i l s ,  so parts a r e  
analyzed and s ized individual ly-  The s t ruc tura l  idea l iza t ion  is 
ref ined and the in te rna l  load  d is t r ibu t ion  is calculated for t he  
de ta i led  a rea  and s t i f fness  proper t ies  ob ta ined  from t h e  
individual  s iz ing-  
T e s t  r e s u l t s  from level V as w e l l  as VI are  used t o  correct 
theo re t i ca l  r e su l t s .  The corrections should be applied to both 
i n t e r n a l  and ex terna l  loads,  such a s  a i r l o a d s  on control surfaces.  
The s iz ing  of the components and subasssemblies is based on 
the  same mnsiderat ions as i n  level V; h o w e v e r ,  t h e  q u a l i t a t i v e  
r e s u l t  is more accurate weights and d i s t r ibu t ions  a s   t h e   i n t e r n a l  
loads are based on more accurate  internal  loads d is t r ibu t ions ,  
which, furthermore, are updated w i t h  r e spec t  t o  level V test 
results. 
P a r a l l e l  a c t i v i t i e s  w i l l  i n c l u d e  f i n i t e  element idealization 
of local areas,  such as wing-body jo in t ,  access  doors i n  lower 
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wing sk ins ,  door cu tou t s  i n  the  fuse l age  skin ,  etc., (STR-7 t o  - 
1 3 ) -  These r e s u l t s  w i l l  be used for comparison w i t h  test r e s u l t s  
and a f t e r  co r re l a t ion ,  seme as a basis for  t h e   s i z i n g  of the 
respective components and subassemblies- 
System Design--Goal: To complete f ina l  des ign  and development of 
a l l  systems- (See sect ion 6 - 7 ,  D e t a i l  D e s i g n  N e t w o r k  Systems-) 
Level  V a c t i v i t i e s  are continued and the  following additional 
activities completed- 
a) I d e n t i f y  a l l  hardware required and release  preliminary 
information t o  t h e  mockup, Final ize  and release design 
of detailed p a r t s  and ins ta l la t ion  informat ion-  
b) Final ize  and release procurement specif icat ions for new 
equipment i t e m s  - 
c) Final ize  and release maintenance  information  including: 
( 1 )  A system schematic diagram w i t h  system maintenance 
requirements noted, The system "new condition" 
operational limits are iden t i f i ed  for t h e  
manufacturer's  functional tes t  requirements. I n  
addition, the system %n-servicen m i n i m u m  
acceptable operational limits are  established for 
the operatorms functional tes t  requirements to 
allow for normal deterioration - 
( 2 )  A component maintenance data sheet for a l l  
components of maintenance  significance, This data 
sheet contains information on access ib i l i t y ,  
servicing, t e s t  and inspection, and removal and 
replacement- The following  information is 
establ ished for each component: 
(a) Test Provisions: self-test or test-in-place- 
The operable condition of a component is 
cont inual ly  indicated or  may be indicated i f  a 
button is pressed, 
(b) The component ranoval basis i n  me of three 
categories  : ( 1) Time-controlled components 
w i t h  predictable  wear-out r a t e s  which will be 
removed and replaced i n  accordance w i t h  t h e  
scheduled time between overhauls (TBO) - (2). 
Condition-mntrolled components w h i c h  can 
continue to operate unt i l  inspec t ion  and tests 
(made without removal or tear-down) indicate 
t h e  p a r t  is no longer airworthy. This 
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category is general ly  re la ted to p a r t s  which 
f a i l  or wear out  gradual ly .  (3) Failure- 
control led components which  can cont inue in  
service un t i l  f a i lu re .  Th i s  ca t egory  is  
generally related t o  p a r t s  which f a i l   a b r u p t l y  
and whose f a i lu re  does  not impose any hazard, 
(3) Procurement spec i f ica t ions  : Each procurement 
specif icat ion contains  a maintainabi l i ty  
requirement t o  meet the i n t e n t  of (2) (b) (1) and 
(2)  (b) ( 2 ) ,  above, and a t e s t  t o  prove sa t i s f ac to ry  
operation a t  a specified deteriorated performance 
level - 
d) Fina l ize  and release  schematic  diagrams  of  the 
e l e c t r i c a l   c i r c u i t s  and develop integration with the 
w i r e  release system (STM-22) . 
Weights (Type E)--Goal: To provide the s taff ,  project ,  f inance,  
and manufacturing organizations w i t h  the cu r ren t   s t a tus  of t h e  
conf igura t ion ' s  def in i t ion  in  terms of weight and weight-related 
items i n  a form that is meaningful t o  each recipient,  
The weight data are based on calculat ions from released 
engineering drawing by p a r t  and ac tua l  part weights- A first 
attempt to provide this capab i l i t y  is contained i n  technical 
program element WTS-22, 
Wire Release System--This is a typ ica l  packaged p a r t  design 
process with the goal t o  def ine,  integrate ,and control  a l l  wir ing 
in  the  a i rp l ane .  
The wire release system is a composite of approximately 80 
programs- Its primary data base consists of a wire masterf i le ,  an 
equipment masterf i le ,  and a f i l e  containing production information 
(primarily from planning and mockup inputs)  Several  smaller 
f i l e s  provide specialized informtion t o  be merged with the 
primary data on var ious output  reports  fSTM-22) 
The major output  reports  are used i n  t h e  following ways. 
REPORT TYPE USE 
Engineering R e p o r t s  Input of wire and equipment to 
data f i les 
Verif icat ion of agreement between 
data  files and wiring diagrams 
Reference information for 
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Mockup Reports 
configuration of any a i rp lane  
Input of w i r e  lengths  and 
subassembly groupings 
Reference information f r o m  which 
f ormboards and production 
i l l u s t r a t i o n  drawings are produced 
Planning Reports Input assembly  sequencing  i formation 
Issue production orders for every 
bundle required 
Material R e p o r t s  Purchase w i r e ,  connectors, etc, 
Manufacturing R e p o r t s  Cut  and mark w i r e  
Preassemble connectors 
Assemble bundles 
T e s t  bundles 
Connect bundles together after 
i n s t a l l a t i o n  in airframe * 
Customer Air l ines  
R e p o r t s  
Maintenance 
Iden t i f i ca t ion  of spare w i r e s  
I den t i f i ca t ion  of bundles and 
equipment for ordering spares  
Input of i n fomat ion  on 
post-delivery  modifications 
Program descriptions include: 
Manufacturing Plan (includes bundle equipment list) --This 
program provides a report containing production information, 
quant i ty ,  par t s  used ,  ins ta l la t ion  loca t ion ,  and sequence of 
assembly- Some engineering input is required,  but  most of 
t h i s  data o r ig ina t e s  w i t h  mockup or planning- 
Wire List--This program lists each w i r e  i n  e v e r y  bundle. It 
shows information as w i r e  number, termination (both ends) , 
size ,  length,  color, type, and assembly sequence: and it 
references the w i r i n g  diagram t h a t  shows the w i r e  * 
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Equipment List--This program s h o w s  p a r t  number, descr ipt ion,  
next assembly, reference wiring diagram, etc., for each 
equipment item number used, 
The three programs above are the heart of t h e  wire release 
system, Their master-files record the de ta i l  conf igura t ion  for 
every airplane of a m o d e l  series and a r e  updated w i t h  any 
frequency desired (usually three times per week). The other f i l e s  
i n  t he  data base contain information of general  appl icabi l i ty  
rather than s p e c i f i c  data for  ind iv idua l  a i rp lanes .  All other 
reports i n  the w i r e  release system are "derivedn reports, that is, 
derived from the data supplied by the three major programs and t h e  
several smaller data files or tables w i t h  no addi t ional  input  of 
information. 
Shop a i d  reports include: 
Assembly Connection List--a report showing how long to  cu t  
each w i r e ,  w i r e  type and s i ze ,  how to  mark it, and how t o  
connect it- A separate  list is issued for each group of 
wires wlthin a bundle. 
Plug Maps--physical layouts of connector insert arrangements 
w i t h  the w i r e  number f o r  each pin printed immediately below 
the pin number. 
Formboard List--similar t o  the assembly connection list 
except sorted by equipment item number ra ther  than  wire 
n e e r  (to enable the worker to  f in i sh  one  i t e m  before 
s ta r t ing   another - )  
Manufacturing Plan--basically the same as  used by engineering 
except tha t  part numbers for all equipment items are added by 
the computer from the equipment f i le .  
Other manufacturing reports include: 
Par t  Requis i t ion Cards--used t o   i s s u e  par ts  and serve as 
materiel   records - 
B u n d l e  Assembly Tags-control the rout ing of bundles i n  the  
proper sequence through the production l ine.  
Datex Cards--supplement the assembly connection l ist  for 
wires t h a t  can be machine-cut and -coded- 
Wire Ident i f ica t ion  Tapes--provide wrap-around ident ik ica t ion  
tags fo r  t hose  w i r e s  w h i c h  cannot be machine-coded- 
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Automatic W i r e  Tester Cards--used for automated t e s t i n g  of 
completed w i r e  bundles, 
Bundle Sequence List--complete list of bundles required for 
an airplane,  sorted i n  production sequence. 
Hook-up Charts--hook-up information required a t   t h e  time 
bundles are i n s t a l l e d  in the airframe, 
Other nonmanufacturing reports include: 
Diagram Check List--extract of t h e  w i r e  f i l e ,   s o r t e d  by 
wiring diagram, used to check compatibil i ty between data base 
and wiring diagrams. 
Equipment Check List-analogous to diagram check list but 
extracted from equipment file. 
Wire Compare List--shows only the differences between any two 
airplanes of t h e  same model. 
Part N u m b e r  Summary"extract of the equipment f i l e   s o r t e d  by 
pa r t  number- 
Bundle Assembly Index--identifies bundles with the airplanes 
on which they are to  be i n s t a l l e d -  
Diagram Equipment List--part  of t h e  diagram manual report  
(DMR) ; an equipment list for one customer only, s e n t  to t h e  
a i r l i n e  for maintenance information as part of wiring diagram 
manual. Diagram manual repor t s  a re  ava i lab le  t o  customer 
a i r l i n e s  on hard copy, punched cards, magnetic tape, or 
microfilm, at t h e  customerCs option, 
Diagram Wire List (Part of Dm)--full  wire l i s t i n g  for a l l  
bundles f o r  one customer block. 
Hook-up Charts, Ground L i s t ,  Sp l ice  L i s t ,  Terminal List--part  
of t h e  DElR and giving hook-up information for various 
equipment items , 
Wire Quantity Report--gives materiel information on how  much 
w i r e  of each type and s i ze  is required per  a i rplane,  Total 
w i r e  weight per airplane can also be obtained f r o m  t h i s  
program - 
Block VI-4 - Manufacturinq Rev iew- -Goa l :  To monitor schedule 
sens i t i ve  item releases  f r o m  engineering t o  ensure that 
manufactur ing  act ivi t ies   can be responsive - 
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Operations refines manufacturing plans and makes inputs  t o  
manufacturing computer systems for par t  ca rd  cod ing ,  de t a i l  and 
subassembly orders, and major assembly and ins ta l la t ion  paper ,  
Engineering changes are scheduled and u n i t  sequencing 
accomplished. 
Engineering releases are monitored i n  accordance w i t h  the  
document industr ia l  engineer ing (DIE) and manufacturing schedules 
adjusted for l a t e  releases. Manufacturing assemblies and d e t a i l  
deviaticms are iden t i f i ed  for f a c l l i t y  of production- These 
become inputs  t o  the  manufacturing systems but do not  ex is t  i n  the 
end product 
There is cont inuous interact ion between engineering and 
operat ions as  the par t  drawings are released, Engineering must 
respond quickly to design change requests that are based on 
improved cost and schedule assumptions. Many requests a r e  
i n i t i a t e d  o n  t h e  b a s i s  of problems encountered on t h e  c l a s s  111 
manufacturing mockup network  (block V I - 4 ) .  Where possible,  
changes are incorporated in  the i n i t i a l  releases. 
Block VI-4 Mockup”Goa1: To provide the mockup planning 
department with information to develop the required engineering 
and manufacturing mockups and t o  produce product ion i l lustrat ion 
drawings - 
Engineering Mockup--Preliminary in fomat ion  and drawings are used 
to construct the engineering mockups- Class I mockups provide 
approximate information of the a i rp lane  structure and a r e  used t o  
evaluate  ful l -scale  integrated space and arrangement concepts of 
the airplane.  Class I1 mockups provide m o r e  d e t a i l  of the 
a i rp l ane  s t ruc tu re  and are used t o  eva lua te  fu l l - sca le  s t ruc ture  
and component i n s t a l l a t i o n  concepts- These mockups include moving 
parts, where required,  and provide  f ina l  checkout information for 
t h e  integrated engineering evaluation- 
Manufacturing Mockup--Final engineering drawings are used t o  
construct the c l a s s  I11 manufacturing mockup- This mockup 
represents the exact  product ion airplane s t ructure  made from f i n a l  
engineering information and is used for  engineering and 
manufacturing evaluation of the integrated airplane s t ruc tu re  and 
systems, The class I11 mockup is  used to  develop tubing, wiring, 
thermal and acoust ic  l ining,  and o t h e r   p a r t s   t h a t  do not  require  
detail information from engineering- 
Manufacturing prepares production i l lustrations (PI drawings) 
w h i c h  are cosigned by engineering. These are  perspect ive v i e w s  of 
wiring, system component, and tubing i n s t a l l a t i o n s  in the 
manufacturing class I11 mockup. These drawings provide 
ins ta l la t ion  informat ion  to manufacturing.  Computer-aided design 
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support  can provide v i e w s  of the structure to which the  d e t a i l s  
are added manually- These are updated as the r e s u l t  of design 
changes 
Block VI-5. Summarize and  Review--Goal: To summarize and review 
the detailed par t   des ign   process  by use of the management 
information system (MIS-1 ,  -2 and -31 
The output of level VI effort is a detai led descr ipt ion of 
t h e  product to  be b u i l t ,  The description includes drawings, 
specif icat ions,  processes ,  and quant i t ies .  
The goal of level VI1 is to build the product. This l eve l  
appears by d e f i n i t i o n  a t  the end of level VI- The IPAD system 
w i l l  in te r face  w i t h  manufacturing, to the  ex ten t  required to cause 
the product, as desicped, to  be b u i l t -  
Document D6-IPAD-700 11 -D, Product Manufacture Interact ions 
with t he  Design Frocess, is an in-depth description of the 
manufacturing and engineering interactions during conception, 
design, and fabr ica t ion  of a product- The following narrative 
describes the brief a c t i v i t i e s .  (Network shown i n   f i g u r e s  38, 
39, 6 1 ,  and 6 2 . )  
Block V I I - 1 ,  Revigyicifications--The manufacturing task 
is twofroi t ides  a manufacturing process that w i l l  build 
the product, and it uses  tha t  p rocess  to  bu i ld  the product so 
that  t h e  Pas-built" conf iyuration matches the  '*as-designedn 
configuration, I t  also endeavors to  ensure that  production is 
cos t -e f fec t ive-  
Manufacturing reviews the design specif icat ions a t  the t i m e  
of re lease  t o  ensure that incompatibi l i t ies  are resolved and 
sens i t i ve  items released i n  accordance w i t h  the master schedule, 
Block VII-2. Problem Requirinq Redesicrnl--As a result of the  
review in VII-I, should production problems appear that  may be 
solved by redesign of the product, the problem and suggestions 
are referred to product deta i l  des ign  level VI (fig- 37) for 
consideration. Any resu l t ing  des ign  change is t r ea t ed  a s  
sustaining design. (See sect ion 6 -6 and 6 -7 for a detail network 
that includes a pa t te rn  for t h i s  type of problem solving,) A f t e r  
detail design has taken act ion,  any resultant redesign is reviewed 
again as described i n  block Vl1-1- However, if no problem a r i s e s  
that dictates  redesign,  the ac t iv i ty   cont inues  to block V I I - 3 ,  
Blocks VIII-3, VIII-4, and VIlI-5 are simultaneous act ivi t ies ,  
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Block VII-3, Release Manufacturinq Process Orders--Manufacturing 
reviews prereleased process plans t o  v e r i f y   t h a t  no changes a r e  
required to accommdate the released design specifications.  New 
process plans are released for t h e   p a r t s  no t  a l r e a d y   i n  the 
planning system, 
Block VII-4. Release T o o l  Desiqn and Fabrication Orders--Tool 
design requests  are  re leased for  contract  tools, and tool 
fabr ica t ion  orders iire released for both design and nondesign 
tools. Major too l ing  a l ready  in  work is r e v i e w e d  for 
compatibi l i ty   with  re leases  - 
Block VII-5, Release Purchase O r d e r s - - A t  t h i s  p o i n t  i n  
manufacturing activities, a make-or-buy decision is made. 
Procurement releases purchase orders for material  and "off-the- 
s h e l f m  items and outs ide product ion orders  for lbuyn components, 
Block VII-6 .  Production Problem Requirinq Redesiqn?--As 
manufacturing process orders are wr i t ten  and tools designed, 
design problems may su r face   t ha t  w e r e  previously overlooked- 
Design changes are requested to f a c i l i t a t e  manufacture and tool ing 
planning. If redesign is requested, t h e  problem  and 
recommendations are r e fe r r ed  t o  product detail  design level V I  
( f ig ,  37) for consideration- Any design revis ions or sustaining 
design will reappear a t  manufacturing block VII-1 i n   t h e   a c t i v i t y  
network. Having solved t h e  problem, or i n  the event no problem 
was encountered, the act ivi ty  proceeds to  block VTI-7. 
Block V I I - 7 -  Build and Inspect Parts and !kols--Tooling is 
fabricated and inspected according b the tool design order, and 
tool t ryouts  are performed during the first lo t  manufacture.. 
D e t a i l  parts a r e  produced and inspected t o  the design 
spec i f ica t ions-  
Block V I I - 8 .  Par t s  and Tools Satisfactoryl--Parts and too l s  t ha t  
pass inspection are sent to stores until they  a re  us&, Those 
t ha t  are rejected are further analyzed in block VII-9. 
Block VII-9 .  Problem Requirinq Redesiqn?--A study is made and t h e  
cause for  re ject ion is determined, If redesign i s  a candidate for 
so lu t ion   t he  problem is coordinated w i t h  detail design level V I  
for  act ion (sustaining design) .  If t h e  problem lies within the 
scope of tools or production methods, then a decision m u s t  be made 
to  scrap or rework p a r t s  and/or tools. 
Block VII-?O. R e w o r k  or Scrap?--Quality control will determine 
whether a re jec ted  part or tool can be reworked t o  meet design 
specifications,  Engineering l iaison is consul ted  a t  t h i s  time i n  
determining whether cost ly  rejected p a r t s  could be repaired,  used 
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"as isrn, or re jec ted  Should the decision be to  rework, t h e  
part/tool is refer red  t o  block VII-7 and continues f r o m  there-  
Product deta i l  des ign  (level VI) provides engineering liaison 
to manufacturing for rapid engineering response to  manufacturing 
design change requests that are the r e s u l t  of fabricat ion 
d i f f i c u l t i e s  - 
There are  design discrepancies  that a f fec t   p roducib i l i ty  and 
are  not  apparent  until the ac tua l  fabr ica t ion ,  assembly, or 
i n s t a l l a t i o n  is attempted in  the  f ac to ry -  When problems a r i se ,  
engineering must respond quickly t o  the manufacturing request for 
a design change in o r d e r   t h a t   t h e  matter be resolved with minimum 
delay i n  the product process- The l i a i son  ac t iv i ty  provides  the  
response and feeds the information to  t h e  parent organization to 
ensure that the affected design media are corrected,  
Block VII-tl- Salvaqe--If the part or tool cannot be reworked, 
it is scrapped and the mater ia ls  are  salvaged-  
Block V I I - ? 2 -  A s s e m b l e  Parts and Install Wirinq and Systm--In 
block V I I - 8  i f  the  tools and pa r t s  made on them w e r e  "as- 
des igned ,"  the  de ta i l  par t s  are put together as subassemblies and 
major assemblies. Wiring and systems are  instal led according t o  
the process plans and inspected t o  the design specif icat ions.  
Final  assembly and in s t a l l a t ions  t ake  form as major assemblies are 
joined. 
The manufacturing process uti l izes extensive ccmputer systems 
t o  produce shop paper, collect c o s t  data,  report exceptions, and 
record configuration- Numerical cont ro l  fabr ica t ion  depends on a 
large general-purpose computer and the status of too ls  is reported 
by means of a computer program- For example, the design, planning 
and fabr ica t ion  of w i r e  bundles  are  control led by a computer 
system (Wire Release System STM-22) I The canplexity of t h e  
process is control led by a series of checks and rechecks, both 
manual and automated, with decision-making data avai lable  t o  
management a s  a byproduct. The f i n a l  check by qual i ty  control  is 
a match of the  "as-bui l t"  data  base against  the "as-designedn data 
base - 
To fur ther  ampl i fy  th i s  example, t he  W i r e  Release System 
provides manufacturing w i t h  reports designed t o  assis t  product ion 
as follows (STM-22) : 
Fabricating  bundles  Cutting and marking w i r e ,  in- 
s t a l l i n g  connectors, grouping and 
tying wire i n t o  bundles 
Testing  bu dles Using card-controlled automatic 
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test equipment 
Instal l ing-bundles  Making connections between  bu dles 
a f t e r   i n s t a l l a t i o n  i n  t h e  
airframe 
The only information required for the above s teps  n o t  
supplied by the w i r e  release system is contained i n  standardized 
assembly procedures, formboard drawings [subassembly level) , and 
production i l lustration drawings (final assembly level) 
Block VII-13. Production Problems Require  Redesiqnl--Production 
problems may arise a t  any Qoint and a re  reviewed by des ign   l i a i son  
in the assembly areas,  Fixes may be made i m e d i a t e l y  or design 
changes may be i n i t i a t e d  to correct the problem and handled by 
d e t a i l  design (level V I )  as sustaining design, 
Block V I I - V I -  Product  Complete?--Quality control aud i t s  the "as- 
designed- t o  the "as built' documentation to  determine that t h e  
product is complete, Brceptions are reported. 
Block VII-15. Correct Deficiencies--Shortages are corrected and 
t h e  rework is documented, 
Block V I I - t 6 ,  Buil tm Same a s  Desiqned"?--The same QC 
audit determines whether any deficiencies  exist, Systems and 
wiring are tested for  cont inui ty  and performance. Deficiencies 
are reported - 
Block VII-17. C o r r e c t  Deficiencies and  Document--Deficiencies are 
corrected and the documenation is updated, 
Block VII-18- =act Confiquration Accountability-Goal: 
Provide configuration accountability and cost data  by airplane 
Throughout the manufacturing process, production events are 
occurring which deviate f r o m  the manufacturing plan, These 
include shortages, out-of -sequence rework, remove-and-replace 
operations, retrofit kit i n s t a l l a t i o n s ,  etc- The in te rac t ion  of 
the fabrication process w i t h  qual i ty  assurance assures  that  
records are maintained to  provide configuration accountabili ty for 
each a i rp l ane  un i t -  The data base is updated on a d a i l y  basis- 
Other parameters maintained in the  da ta  base  a re  par t  and labor 
c o s t s ,  part weights, and overhead c o s t s -  Various reprts, both 
scheduled and requested, are compiled using elements from the data  
base and t h e  management information system WIS-2 and -3) - For 
example, Wire Release System (STM-22) provides reports containing 
the amount of w i r e  i n  an  a i rp l ane  by type and gage, weight, and a 
l i s t i n g  of a l l  e l e c t r i c a l  and e lec t ron ic  equipment items, 
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The Standardized Weight Record System fwTS-22) provides 
weight and balance data and weight-related data such as 
c o s t n e i g h t  and weight change r e su l t i ng  from amfigura t ion  
changes. 
Product manufacture, having completed its t a s k s  of providing tools 
and bui ld ing  the  product  in  a cost-effect ive manner, n o w  turns t h e  
product over to product   ver i f icat ion,  
6-2-3-8 Level V I I I :  Product Verif icat ion 
The goal of level V I 1 1  is to  ve r i fy  the sa fe ty  and 
performance of the product,  This will be achieved by tests most 
l i k e l y  t o  be outs ide  the  IPAD manmchine environment, but the 
r e s u l t s  w i l l  be recorded by the  IPAD data  base management system, 
(See f igures  40 and 63,) 
Block VIII-1- Airframe  Testinq"Goa1: To a s c e r t a i n  t h e  s t a t i c  
s t rength and f a t i g u e   l i f e  of the  ai r f rame and v e r i f y   t h a t  
cer t i f ica t ion  s tandards  and requirements have been m e t -  
This  tes t ing  is destruct ive ful l -scale  testing of primary 
s t ruc tu re  and t h e   v e r i f i c a t i o n  relates to  ult imate loads and 
predic ted  fa t igue  l i fe ,  There  is, however, a secondary objective, 
mainly of a data-collection character. The tests w i l l  be designed 
i n  such a manner t h a t   s t r a i n  and def lec t ion  measurements can be 
used for i n fe rences   r ega rd ing   p l a s t i c i ty   e f f ec t s  and influences on 
internal  load dis t r ibut ion,  shear  lag,  and s t i f f n e s s  
cha rac t e r i s t i c s  (local as w e l l  as gross). The r e s u l t s  w i l l  be 
used for  updat ing  in te rna l  loads d i s t r ibu t ions  and establ ishing 
a i rp lane  growth po ten t i a l  and/or  improvements. Final ly ,  these 
r e s u l t s  w i l l  be incorporated i n  the data base for  future  reference 
and predictions. These tests w l l l  be supported by r e l i a b i l i t y  and 
safety assessments (REL-6, - 8 ,  -9, -13) . 
Block V I I I - 2 -  Fl iqht  and Ground Testinq"Goa1: To conduct tests 
w i t h  a f l ight-capable  a i rplane to v e r i f y  f l ight  and ground 
performance and safety.  These are  discussed for  several 
technologies - 
Aerodynamics--Goal: To c e r t i f y  t h e  performance guarantees and 
regulations.  
Proof of guarantees and Federal  safety requirements demands 
ex tens ive  f l i gh t  tests, Aerodynamics w i l l ,  i n  t h e  main, be 
concerned with measuring f l i g h t   q u a n t i t i e s   t h a t   r e l a t e  to 
performance- Low-speed l i f t  c a p a b i l i t y  is determined- C r u i s e  
f u e l  consumption, which, i n  t u r n ,  implies  drag levels, is 
measured. B u f f e t  and stall conditions are mapped, 
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The da ta  taken during these f l i g h t s  w i l l  be reduced and 
placed in the IPAD data  bank. This w i l l  facil i tate the  wr i t i ng  of 
manuals and documents supporting the measured performance, 
Ground Vibration Testing--Goal:  Verify the theore t ica l ly  
pred ic ted  v ibra tory  charac te r i s t ics  of the airpIane - Provide 
information on s t ruc tu ra l  p rope r t i e s  of t h e   r e a l   a i r p l a n e ,  which 
may serve a s  basis for improved f ina l  ae roe la s t i c  ca l cu la t ions  
before the first f l i g h t -  
The manufactured airplane will go through an extensive ground 
vibrat ion test  to obtain the natura l  mode shapes and frequencies 
for comparison with the f l u t t e r  model and theo re t i ca l  modal data 
used i n  determining the f l u t t e r  characteristics- The dynamic 
cha rac t e r i s t i c s  of the control system w i l l  also be determined by 
tes t -  The generalized masses, natural  f requencies ,  and damping 
charac te r i s t ics  assoc ia ted  w i t h  the na tura l  modes of t h e  airplane 
should be determined for use in v e r i f y i n g  a n a l y t i c a l  f l u t t e r  
prediction. 
Flight Control System"Goa1: To demonstrate f l i g h t  c o n t r o l  system 
cha rac t e r i s t i c s ,  
F l igh t  tests a r e  performed to v e r i f y   t h e   f l i g h t   c o n t r o l  
system design. Note t h a t  t h e  ground roll portion of tests t o  
demonstrate an autoland system w i l l  be performed a t  this t i m e ,  
The tests are pr imari ly  t ransient  response, and the  simulations of 
FCS-8, XS-9,  FCS-10, and SEC-19 may be used to cor re l a t e  
experimental w i t h  t h e o r e t i c a l   r e s u l t s ,  Frequency  response 
t e s t i n g  may a l s o  be used.. Hence, the computer programs F'CS-1 and 
FCS-2 will be act ivated,  Fl ight  test data reduction i s  a h ighly  
spec ia l ized  f ie ld ;  therefore, the data  reduct ion computer programs 
w i l l  probably operate 1u1 a stand-alone mode- After test data has 
been converted to  a usefu l  form by the data reduction programs, 
selected portions of the r e s u l t s  w i l l  be transmitted t o  the  IPAD 
data  bank. 
Fl ight  Flutter Testing"Goa1: TU ensure  tha t  the a i rp lane  is free 
from flut ter  throughout  the des ign  f l i gh t  envelope. 
F u l l - s c a l e  f l i g h t  f l u t t e r  tests are conducted to  ensure  t h a t  
the operat ional  a i rplane w i l l  be s a f e  from f l u t t e r  and to  
determine the s u b c r i t i c a l  respnse cha rac t e r i s t i c s  of the 
a i rp lane .  ln  these  tests,  dynamic exc i ta t ion  is applied while the 
a i rp lane  i s  flown a t  constant speed and a l t i t u d e  w h i l e  the 
resonance modes are  exci ted,  The recorded responses are analyzed 
to give resonance frequencies and decay data before t h e  t e s t i s  
repeated a t  higher speeds, Test speed is increased for a range of 
a l t i t u d e s   u n t i l   t h e  whole design f l i g h t  regime is shown t o  be safe 
or u n t i l   a n   i n c i p i e n t   f l u t t e r   c o n d i t i o n  is discovered.. 
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If a f lut ter  suppression system is requ i r ed ,  t he  f l i gh t  
f l u t t e r  tests w i l l  ve r i fy  the control system stability margins, 
The procedure is similar to the procedure followed in  the  wind 
t u n n e l   f l u t t e r  m o d e l  tests (design network Block VI-2) .I 
Propulsion--Goal: To e s t a b l i s h  t h e  performance of the propulsion 
system - 
The noise  charac te r i s t ics  w i l l  be measured and t h e   i n s t a l l e d  
engine characteristics determined. Engine operating limits w i l l  
be described and fuel  usage measured. The effect iveness  of t h e  
thrust  reversers  w i l l  be demonstrated. 
Reliability Assessment-Goal: To assure adequacy of t h e  f l i g h t  
and ground t e s t i n g  from t h e  standpoint of r e l i a b i l i t y  and safety,  
The f l i g h t  and ground test plan is reviewed pr ior  t o  t e s t ing ,  
r e v i e w ,  and analysis  of tes t  data. T h i s  assessment is manual for 
pre-test  review. Test data  reduct ions w i l l  be by REL-6, -8 ,  -9, - 
33 * 
S t a b i l i t y  and Control"Goa1: Extensive f l i g h t  t e s t i n g  i s  required 
to  c e r t i f y   t h a t  the f l y i n g   q u a l i t i e s  of t he  a i rp l ane  comply w i t h  
or exceed the requirements of such  au thor i t ies  as  Federal Aviation 
Administration  andBritish Air Registration Board- These 
requirements are for  des i rab le  a i rp lane  handl ing  qua l i t i es  dur ing  
normal and possible  fa i lure  condi t ions.  
S t a b i l i t y  and cont ro l  are concerned with measuring f l i g h t  
behavior and cor re la t ion  w i t h  estimated cha rac t e r i s t i c s  and 
regis t ra t ion requirements-  Also of importance in these tests are 
those  charac te r i s t ics  a f fec t ing  the performance of the airplane 
and its a b i l i t y  to  m e e t  guarantees,  (e-9-,  takeoff rotation speed 
and ro ta t ion  ra te ,  l anding  flare capabi l i ty ,  and m i n i m u m  Oontrol 
speeds -) Typica l  f l i gh t  characteristics t h a t  w i l l  be measured are 
roll response, stick forces ,  t r i m  requirements, asymmetric t h r u s t  
e f f e c t s ,  dynamic responses due to control inputs,  crosswind 
takeoff and landing capabi l i t ies ,  system fai lures ,  etc. D a t a  from 
t h e s e   f l i g h t  t e s t s  w i l l  be analyzed and s tored i n  t h e  IPAD data 
bank, A f l y i n g  q u a l i t i e s  document will be continually updated to 
reflect the ac tua l  f l i gh t  cha rac t e r i s t i c s  measured in f l i g h t  test, 
and f l i gh t  s imula to r  documents used for design as w e l l  as f l i g h t  
t r a i n i n g  and demonstration w i l l  be updated similarly. 
Block- VIXI-3.. Functional  Testinq--Goal (1) : To prove acceptable 
operation of components and systems. 
System components are bench-tested for compliance with 
prescribed operational requirements prior t o  i n s t a l l a t i o n  on t h e  
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airplane. Airplane systems are t e s t e d  on the  a i rp l ane  fo r  
compliance w i t h  prescribed operation requirements, 
The funct ional  tests are performed following procedures 
es tabl ished by engineering; for example, t h e  w i r e  release system 
provides 1:BM card decks for  use  in  func t iona l  tes t ing  of Boeing- 
built electronic modules (Hughes FACT) and vendor-supplied modules 
are tested by a Hawker-Siddley TRACE. Data for this does not come 
from the w i r e  release system. 
Goal ( 2 ) :  To assure adequacy of func t iona l  t e s t ing  from the 
standpoint of r e l i a b i l i t y  and safety.  
Functional test plans are reviewed prior t o  testing, review, 
and analysis of test data ,  'Phis assessment is manual for p r e t e s t  
review. Test data reductions w i l l  be by REL-6, -8 ,  -9, -13. 
Block V I I I - 4 -  Summarize and  Review"Goa1: To provide 
engineering, finance, manufacturing, program management, and the  
customer (according to  cont rac tua l  ob l iga t ions)  w i t h  a current 
s t a t u s  of the  product def in i t ion .  These summaries and reviews 
g i v e  v i s i b i l i t y  as t o  production performance, schedules, costs, 
problems (and anticipated problems).  effects of a c t i v i t i e s  of 
interfacing departments, etc, 
Block V I I I - 5 ,  Problem  Requirinq  Redesiqn?"Goal: To monitor the 
ver i f icat ion processes  and determine which parts need redesign, 
These part  designs w i l l  be returned to  l e v e l  VT ( f i g -  37) f o r  
review and redesign (sustaining design). The data base management 
system will r e t a i n  the information describing the nature of the 
d i f f i c u l t y  * 
Block VIII-6 - Cer t i f   i ca t ion"Cer t i f   i ca t ion  i s  a major  milestone - 
Once a l l  the  required airframe,  f l ight ,  ground and functional 
tes ts  have been s a t i s f i e d  and ce r t i f i ca t ion  has  been obtained, t h e  
product can enter the in-service phase, 
6-2.3-9 Level IX:  Product Support 
This level has a great influence on the developnent and 
design of a product- N o t  o n l y  does it give feedback as to how 
w e l l  the product performs and where improvement can be made but  it 
also pranotes repeat use of the product by giving the customer the 
Ymst for h i s  money." The business systems capabili ty of the 
computer is used here, (See f i g s ,  4 t  and 6 4 . )  
Block I X - 1 .  Customer--The customer is one of the two most 
i m p o r t a n t  i n g r e d i e n t s   i n  a business, t h e  other being t h e  product- 
A positive dialog i s  necessary between customer and suppl ier  t o  
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achieve and maintain customer satisfaction w i t h  the product, The 
customer needs t o  k n o w  the capab i l i t i e s  of the product and the 
maintenance required, and the producer must supply that  
information, 
Block IX-2,. .~Custaner Support"Customer support is the contact  
between t h e  company and the customer; all questions, suggestions, 
ins t ruc t ions ,  etc,, pass through t h i s  sectim. 
Customer problems a r e   r e f e r r e d   t o  detail des ign  leve l  V I  
{fig- 37 and 6 0 )  f o r  a solut ion (sustaining design) if they are  
beyond the scope of the publ ished manuals, 
The custaner  support  sect ion divides  its a c t i v i t i e s   i n   s i x  
major areas i n  which it maintains dialog with the customer, with 
engineering detail design and the  da t a  h s e  manager, These a reas  
are : 
Product operation 
T o t a l  maintenance and ground operations support  
Spares support 
Field service 
Data and publications 
In-service experience 
Block 1X-3. Fliqht Operations Support--There a re  four f ace t s  to 
operations support:  integrated training phases,  training programs, 
technical  ass is tance,  and f l igh t  publ ica t ions ,  
Integrated Training Phases--A team approach is used f o r  smooth and 
e f f i c i e n t  performance of a l l  flight operations services, The team 
is composed of thoroughly t ra ined instructors ,  f l ight  engineers ,  
f l igh t  opera t ions  engineers ,  and a technical graphics and 
e d i t o r i a l   s t a f f ,  a l l  working t o  provide  to ta l  customer support, 
nTotalm customer support also depends upon in t e r r e l a t ed  
t ra in ing ,  technia l  ass i s tance ,  and publications- The total 
concept is t a i l o r e d  to each c u s t o m e r  Fs  requirements t o  ensure safe 
and e f f i c i e n t   a i r l i n e   o p e r a t i o n ,  
a )  The school courses include a broad description of t h e  
a i rp lane  and its equipment, with emphasis on systems 
operation- All course material is special ly  designed 
for the purchased airplane,  
b) Team p r a c t i c e  i n  a oockpit  procedures trainer follows 
the ground school or instrument trainer course,and 
includes crew br ie f ing  sessions, practice of procedures 
by f l i g h t  phase, and experience i n  responding t o  
simulated abnormal and  emergency s i tua t ions -  A c t u a l  
221 
PROJECT 1 - SUBSONIC A/C (cont*d.) 
cockpit  conditions and systems operation can be useful ly  
r econs t ruc t ed   i n  a cockpit trainer. 
c) The ins t rument   t ra iner  course provides required 
ins t rument  f l igh t  t ra in ing  and allows ear ly evaluat ion 
of l o w - t i m e  p i l o t s -  I n  combination with simulator 
t ra in ing ,  the ins t rument  t ra iner  can be used by an 
ins t ruc to r  or student to  re inforce  the f l i g h t  director 
system and provide pract ice  radio navigat ion,  The 
in s t rumen t  t r a ine r  cour se  enab le s  a i r l i ne  p i lo t s  w i t h  no 
previous  f l igh t  director experience to become familiar 
with the system- 
d) Simulator  t ra ining teaches the crew to  operate i n  a 
dynamic environment and to develop skills i n  normal, 
abnormal, and emergency procedures within d realistic 
t i m e ,  
e) F l igh t  t ra in ing  wi th  the s p e c i f i c  model purchased 
develops proficiency in each phase of ac tua l  f l i g h t ,  
This t r a in ing  has subs tan t ia l ly  improved the qual i ty ,  
sa fe ty ,  and economics of f l i g h t  c r e w  operation, 
Training Programs-An analytical approach t o  f l i g h t  crew t ra in ing  
is used,  s t ress ing a basic understanding of t h e   a i r c r a f t  systems 
r a t h e r  than deta i led  knowledge. T h i s  approach has improved the 
r e s u l t s  of a l l  t r a i n i n g  programs, The key elements i n  this 
approach are : 
The specif ic  behavioral  object ive,  w h i c h  describes what the 
f l i g h t  crew needs t o  k n o w  about the system 
The learning task analysis ,  which records what a student 
already knows so that  t i m e  and e f f o r t  can be conserved i n  his 
t r a in ing  
The storyboard, which gives the most effective sequencing and 
grouping of program elements 
Technical Assistance--Technical assistance is avai lable  to 
in t eg ra t e  the a i rp l anes  in to  ex i s t ing  fleets. A team including a 
p i l o t ,  a f l igh t  engineer ,  and a f l i g h t  operations engineer can he 
assigned t o  work w i t h  each a i r l i n e  to  ensure airplane operat ion 
w i t h  maximum effectiveness.  Well before the delivery date of t h e  
airplane,  the technical  team v i s i t s  t h e  a i r l i n e   f a c i l i t y  to 
develop a firsthand understanding of individual requirements and 
t o  assist in  program planning. The f l i g h t  team can handle such 
complex problems as the  technlqus and procedures for maximum-range 
operation of rapid turnaround and dispatching. The  same technical 
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team helps the air l ine  personnel   during  t ra ining  and the i x i t i a l  
operation of the  a i r c r a f t -  
Flight Publications--Flight publications are designed for on-the- 
job use and a r e  related c lose ly  t o  t h e   a c t i v i t y   t h e y  support. 
Operatim publications are carefully prepared by a team of 
experienced pilots,  f l ight engineers,  ground school instructors 
and technical  writers . The procedures are defined by t h e  
specif ied behavioral objectives, and the storyboard technique 
arranges the informat ion  in  a logical sequence. Basic revisions 
are covered under t h i s  program. F O ~ ~ O W Q D  revision services and 
the incorporat ion of customer-oriqinated material can be 
negotiated - 
Flight  publications  include : 
Airplane f l i g h t  m a n u a l  
Operations manual 
Dispatch deviation procedures guide 
F l igh t  i n s t ruc to r s  p r inc ip l e s  and techniques of ins t ruc t ion  
F l ight   pa t te rns  
Malfunction reporting system 
Ground t r a in ing  manual 
Quick reference handbook 
Fl ight  c r e w  t r a i n i n g  manual 
P i  lo t  t r a in ing  manual 
Fl ight  engineeras  training manual 
Fl ight  a t tendant 's  manual 
Ins t ruc to r  f l i gh t  eng inee rDs  guide 
Fl igh t  c r e w  instructor 's  guide 
Ins t ruc tor  p i lo t  gu ide  
C r a s h ,  f i re ,  and rescue information for jet aircraft 
Block IX-4 .  Maintenance  and Ground Operations Support--The 
customer support technical requirements organization i s  
responsible for providing t o t a l  maintenance and ground operations 
support  t o  jet operators, Thls integrated support program 
includes: prerraodel introduction, maintenance facil i ty,  and 
equipment planning, w i t h  on-s i te  inspect ions as  negotiated; 
engineering and provisioning of maintenance f a c i l i t y  and equipment 
da ta  and documenation for spec i f i c  maintenance programs; 
maintenance training courses designed to the customerns m o d e l  
configuration, w i t h  s tudent  t ra in ing  aids and documentation; and 
the f u l l  spectrum of ATA-I00 maintenance technical publications, 
Additional specialized support publications enhance the customerr,s 
t o t a l  maintenance program- 
Maintenance and Ground Operations Systems--The maintenance and 
ground uperations systems (MGOS) u n i t  w i l l  assist a customer t o  
plan and prepare for introduction of an a i rp lane  model that is  new 
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to h i s  f l e e t ,  MGOS w i l l  provide both data support in planning a 
maintenance program t h a t  will es tab l i sh  a customer’s a i rp lane  
maintenance requirements and schedules, Also provided are data 
and support to determine the equipment and f a c i l i t i e s  needed for 
ramp operations and l i ne ,  hangar, and shop maintenance, To assist 
a new customer w i t h  planning,  exchange of visits w i l l  be 
proposed and, i f  necessary, a scheduled development program w i l l  
be designed, After introduction, sustaining technical assistance 
and da ta  are provided to ensure consis tent ,  effect ive customer 
support. 
Planning Data f o r  Maintenance Programs”The maintenance program 
data provided to each customer includes the maintenance planning 
data document and maintenance task cards. Airline maintenance 
inspect ion interval  reports are sent bimonthly to  the a i r l i n e s ,  
a )  The maintenance  planning  data (MPD) document contains 
the maintenance requirements of the  hasic airplane 
model, including the recommended inspection and overhaul 
i n t e rva l s  for the  ai rplaners  s t ructure ,  systems,  and 
components, The MPD also compiles direct maintenance 
manhours and material costs for scheduld checks on the 
airframe, components, and engines, shop repair, and 
routine/nonroutine  maintenance i n  a l l  areas- The 
information contained in the MPD document i s  based on 
ac tua l  a i r l ine  opera t iona l  exper ience ,  
b) The maintenance t a sk  ca rds  for the basic airplane model 
describe each scheduled maintenance and structural 
inspection task and include references t o  the p e r t i n e n t  
maintenance manual sect ion or  chapter,  The t a s k  cards 
also show locat ion of the structure, system, or 
component t o  be inspected (zone, area, and access door, 
where appl icable) ,  and ind ica te  the t i m e  and manhours 
requi red  for  the inspection. 
c) The a i r l i n e  maintenance  inspection  intervals  report 
lists a l l  customers by a l rp lane  type and the current  
inspection and overhaul intervals being applied by each 
customer t o  h i s  f l e e t  of airplanes.  This report  is  
supplied bimonthly to a l l  customers- 
F a c i l i t y  and Equipment Planning Data--Facility and equipment 
planning data are ava i lab le  to  a l l  commercial airplane customers- 
Ramp equipment planning information is ava i lab le  from the  
f a c i l i t y  and equipnent planning document- This document enables 
an a i r l i n e  t o  determine the  s u i t a b i l i t y  of exis t ing  equipment and 
to identify additional requirements,  Typical ramp equipment 
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arrangements, and servicing and loading methods a r e  also 
i den t i f i ed  I 
Maintenance facilities and equipment planning data sources 
i n c l u d e   t h e   f a c i l i t y  and equipment planning document, s p e c i a l   t o o l  
drawings, i l l u s t r a t e d  tool and equipment list docume.nt, systems 
tes t  equipment document, engine handling document, a i rplane 
recovery document, and basic component repa i r  da ta  documents. 
Customer Maintenance and Ground Operations Planning Support-- 
Technical support is available on request for planning maintenance 
and ground operations programs, and equipment and f a c i l i t y  
requirements- Such support  includes: 
Assistance i n  evaluating recommended equipment requirements 
versus customer resouces, airplane fleet mix, and operating 
parameters 
Assistance i n  determining faci l i ty  requirements  t o  support 
new airplane maintenance, ground operations,  and component 
repair/overhaul 
L i s t s  of recommended ramp and maintenance equipment t a i l o r e d  
t o  the  ex i s t ing  f l ee t ,  rou te  s t ruc tu re ,  and equipment 
inventory 
A mintenance operations analysis using a Computerized 
simulated maintenance planning model 
Assistance in formulating a customized airplane maintenance 
plan and i n  e s t a b l i s h i n g  manpower levels and s k i l l s  
Assistance in obtaining regulatory agency approval of the  
proposed maintenance program 
Evaluation of airl ine operation t o  i d e n t i f y  a r e a s  f o r  
improvement of ground operations and maintenance 
Maintenance Training School--The maintenance training school 
primarily serves the a i r l i n e s  and governmental regulatory 
agencies- The main objective of the t r a in ing  program is to 
provide airplane systems training to help customer a i r l i n e s  
achieve e f f i c i e n c y  i n  t h e  maintenance of the i r  a i rp l anes -  A 
training planning conference with the a i r l i n e   d e f i n e s  the spec i f i c  
t r a i n i n g  program required,  and t h e  program is enhanced by a 
comprehensive curriculum, a q u a l i f i e d   s t a f f ,   t h e   l a t e s t   t r a i n i n g  
techniques, and a modern t r a i n i n g   f a c i l i t y -  
The t ra in ing  cur r icu la ,  except  for  a  few special ized courses 
for  genera l  fami l ia r iza t ion ,  are designed to present  de ta i led  
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information on airplane systems. Courses concentrate on 
description, operation, location and in te r faces ,  w i t h  servicing, 
troubleshooting and maintenance practices emphasized f o r  each 
system, The courses are designed for t h e  s p e c i f i c  customer 
configurat ion with content ,  s t ructure ,  and materials being revised 
frequently to incorporate improved t ra ining aids ,  techniques,  and 
media. 
Maintenance Pub1ications"The maintenance publications 
organization prepares and publ ishes  the technical  manuals required 
for  t h e  maintenance of a l l  c o m e r i c a l  a i r c r a f t ,  These manuals a re  
prepared i n  accordance with t h e  A i r  Transport Association of 
America Specif icat ion No- 300,  "Specification for ManufacturerCs 
Technical Data" (ATA-100)- Included are the following manuals: 
Maintenance 
Overhaul/component maintenance 
Wiring diagram 
St ruc tura l  repa i r  
Nondestructive tes t  
I l l u s t r a t e d   t o o l  and equipment list 
Corrosion prevention 
These technical publications are a major pa r t  of t h e   t o t a l  
publications plan,  which is defined i n  d e t a i l   i n  each purchase 
agreemerrt negotiated by t h e  company and its camerc ia l  a i rp l ane  
customers. Supplementary manuals for specific aircraft models a r e  
also available, 
Maintenance Publications Services--The mmpany provides technical 
data comensurate w i t h  e f f i c i en t ,  s a fe ,  and p ro f i t ab le  airline 
operation, To ensure continuation of this policy, the company 
w i l l  negot ia te  addi t ional  customer support semices t o  enhance 
a i r l ine  opera t ions .  These services  include: 
Incorporation of customer-originated procedures and data 
changes i n t o  maintenance and w i r i n g  diagram manuals 
Manual consolidation programs 
Update of exis t ing  manuals to  current configuration 
Block I X - 5 .  Spares Support-The spares program ensures t h a t  a l l  
operators of the a i r c r a f t ,  large or small, receive the best 
support. The program is based on many years of experience i n  
support of a i r c r a f t  programs and focuses on these  essent ia l  a reas :  
Spares Xnventory"An e f f i c i en t  spa re  parts progra-XI is es sen t i a l  
fo r  p ro f i t ab le  a i r l i ne  ope ra t ion .  The tmmpany must s u p p o r t  a l l  of 
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its products and m a i n t a i n  a large inventory of spa re   pa r t s  a t  
s t ra teg ic  loca t ions  for ready dispatch, An on-line business 
system is an aid in this task,  Air l ine provis ioning involves  
a i rcraf t  predel ivery spares  inventory investment  forecast  and 
customized, cost-effective provisioning after delivery- 
Supplier Support-A supplier support  program monitors repairable  
equipment suppl iers  to ensure adequate and timely product support- 
Pa r t s  Catalog--The i l l u s t r a t e d  p a r t s  c a t a l o g  ( IPC) ,  prepared i n  
accordance with Am-1007, is customized for each  a i r l i ne  and is 
provided i n  e i t h e r  p r i n t e d  or microfilm f o r m .  The IPC is used f o r  
both spares provisioning and a i r l i n e  maintenance and w i l l  be 
rev ised  quar te r ly  unt i l  t he  delivered configuration of all 
a i r c r a f t  is included- Al of the  data  in the  IPC a r e  s t o r e d  i n  
computer f i les and are combined to produce a number of products t o  
support provisioning. Some of these products are: 
Provisioning  data (IPD) cards 
ATA-200 i n i t i a l  p rov i s ion ing  data 
Peculiar and common p a r t  number data 
Local  fabr icat ion par t  number l i s t i n g s  
Vendor p a r t  number l i s t i n g s  
Vendor p a r t  number/Boeing spec i f ica t ion  number 
Cross-reference data 
Spares Ordering--The on-line program for  spares  order ing  
encompasses purchase order processing: inventory planning; and 
control,  invoicing, and shipping  documenation. It can  respond 
immediately t o  air l ine requirements-  It has  the  capabi l i ty  for 
direct telecommunication linkup between t h e  company and customers 
f o r  direct order placement and to  obtain order s ta tus ,  s tock  
ava i lb i l i ty ,  reorder  lead  t i m e ,  and p r i ce -  The communications 
networks can transmit messages worldwide in a matter of seconds 
through computerized switching centers and terminals such as 1BM 
1050 and 2741. These networks may be used to  en ter  orders and 
inqu i r i e s  d i r ec t ly  in to  the  program for processing- The on-line 
spares ordering program provides the following benefits  to the 
customers: 
Reduced order placement and processing flowtime 
Faster invoicing and purchase order acknowledgement 
Immediate response on purchase order s ta tus ,  p r ices ,  stock 
a v a i l a b i l i t y ,  and reorder lead time 
Savings in paper processing, distribution, and c l e r i c a l  
e f f o r t  
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Block IX-6, Field Service--The field service organizat ionns 
primary objective is to provide total f i e l d  support to customers. 
Field representatives are authorized t o  he lp  a i r l ine  personnel  
solve problems re la ted  to  a l l   f a c e t s  of a i r l i ne  operation e.g., 
engineering and maintenance, spares, technical manuals, service 
bulletins, ground support equipment, and company suppl ier  and 
subcontractor support, The pr inc ipa l  services provided are: 
Recommendations for resolving problems encountered i n  
operating or maintaining the product 
Liaison between the customer and t h e  company t o  communicate 
and  in te rpre t  specific operations and maintenance problems a s  
they a r i s e  
Counsel and t r a in ing  to help airline personnel understand and 
i n t e r p r e t  drawings, design documents, and service manuals 
Dissemination of information about problems being experienced 
by o ther  a i r l ines  opera t ing  the  same equipment 
Maintaining an awareness of the  operator’s dispatch 
r e l i a b i l i t y  so t h a t ,  when necessary, ways of improving 
performance can be recommended 
On-site maintenance support is ava i lab le  t o  help customers 
introduce a new airplane or model. To accomplish this, 
specialized, experienced f l i g h t l i n e  technicians are  avai lable  to: 
A s s i s t  in obtaining and interpreting maintenance publications 
and communicating problems d i r e c t l y  to the  company 
Conduct on-the-job training programs for customer personnel 
for operation and maintenance of such airplane systems as 
landing gear, cabin interphone, and passenger pyload systems 
M e e t  a r r i v a l s  and departures of customer a i r c r a f t ,  review 
maintenance problems, assist i n  proper diagnosis, and 
recommend corrections 
Customer support engineering is an organization of 
experienced engineers whose t a l e n t s  are spec i f ica l ly  or ien ted  
toward the prac t i ca l   so lu t ion  of problms encountered by in-service 
aircraft .  Engineering skills from design project and technical  
staff groups a r e  immediately available when r e q u i r e d   t o  assist t h e  
customer support engineers. 
Major a i rp l ane   s t ruc tu ra l  damage o f t en  occurs under 
circumstances which make damage assessment and repair by the  
customer d i f f i c u l t .  Competent damage survey and repair teams have 
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perfected airplane repair  procedures ,  and repa i r  ass i s tance  is 
avai lable  t o  c u s t o m e r s  24 hours a day, every day, by contacting 
the nearest  customer support  representat ive,  
Service b u l l e t i n s  are published as they are required to 
update maintenance manuals, alert  t h e  operators to potent ia l  
problem areas,  and describe the i n s t a l l a t i o n  of kits or 
modifications. In addi t ion  to de ta i led  instructions, these 
f e a t u r e s   a r e  also included: 
Manpower breakdown 
Visua l  a ids  
Background information benefits  and consequences 
Economic feasibil i ty--modification costs versus maintenance 
cost 
Block I X - 7 -  D a t a  and Publication--Airplane customers, i n  addition 
t o  service bu l l e t in s ,  are provided w i t h  a l l  ATA-required 
specification data- Additional data considered beneficial  t o  the 
customer are provided by contract .  Customers are a l s o  given 
publications for information, s o m e  of which are: 
Engineering drawings and data  sets 
Tool drawings 
Weight and balance manual 
Weight and balance supplement 
Actual weight report 
F’unctional test documents (systems and  components) 
Standard manuals 
Maintenance and operations document 
Ins t ruc t ion  handbook 
Training support materials 
Block I X - 8 -  In-Service  Experiences--This level i s  concerned w i t h  
collecting information required t o  support the product once it is 
i n  service. Its performance and other in-service information will 
be continually monitored by enter ing data  in  the data  base and 
using the c a p a b i l i t i e s  of t h e  IPAD data base management system, 
In-serv ice   par t s  histories w i l l  be monitored to detect 
problems and enrich t h e  s t a t i s t i c a l   d a t a   b a s e  for the preliminary 
design levels. For example, the wire release system (sT”22)  
technical  program element w l l l  maintain w i r i n g  and equipment data 
for each airplane throughout its serv ice  l ife,  including any 
modifications made af ter  de l ivery ,  In  addi t ion ,  a f te r  an airplane 
has entered commercial service, maintenance activity such as part 
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replacement, (scheduled and unscheduled), retrofit kit 
installation, and system f a i l u r e s  are important t o  improve on 
current and fu ture  programs, These parameters are used t o  update 
the  data base by airplane uni ts .  Customer engineering can request 
e x t r a c t s  of this type of information- 
A l s o ,  the r e l i a b i l i t y  data base is updated for the benefi t  of 
the following technical program elements: REL-6, -9, -11, -12, - 
15, -16, -17, -28 ,  -29, -30, and -31, 
In-service payload factors by route  enter  t h e  marketing data 
base for marketing estimates of current and projected new 
products. In-service airplane performance change information is 
made avai lable  to the  data  bases of the affected technica l  
d i sc ip l ines  where serious degradations w i l l  modify future  designs-  
In-service systems performance of various systems will be recorded 
as  the  a i rp l ane  is operated- 
6 -2 -3-10 Procedure: Equations of Motion 
The equations of mations are represented by the so lu t ion  of a 
set of technical  program elements that appear frequently 
throughout the preliminary design levels, The t a s k s  tha t  appear  
in this procedure are given below, (See f i g -  42-1 
B l o c k  EM-1- Fbm Mass Matrix-Goal: To form standardized mass 
matrices which w i l l  contain, for each predefined panel, the 
weight, c.g,, and moments and products of iner t ia  about  the c.g- 
This data w i l l  be modified subsequently by the analysis  in block 
E”5 to t r a n s f e r   t h e  mass data f r o m  the panel c.9. to a reference 
axis used by the dynamic loads, f l u t t e r ,  and f l i q h t  controls  
analyses . 
In order to f a c i l i t a t e  a n a l y s i s  of var ious  f l igh t  condi t ions ,  
separate mass matrices should be developed for: 
Wing ( f laps  up and down) 
Horizontal t a i  1 
V e r t i c a l   t a i l  
(each) nacelle and s t r u t  
Landing gear (up and down) 
Payload 
Fuel 
B d Y  
The mass matrix will be developed by 
  lock EM-2. Form Stiffness Matrix”Gm1: 
matr ix   for   specif ied kiF-ematic freedoms - 
WTS-20 . 
To form a s t i f f n e s s  
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The a i rp lane  major component section elastic constants 
( f l e x u r a l   r i g i d i t i e s ,  torsional r i g i d i t y  and shear center 
locat ion)  are  assembled i n t o  an elastic beam representation of the 
airplane-  From th is  representa t ion ,  a reduced stiffness matrix 
may be generated for any set of specified kinematic freedoms (STR- 
6 )  - 
Block EM-3 - Form Aerodynamic  Influence Coefficient Matrix--Goal: 
To es t ab l i sh  an aerodynamic lnf luence coeff ic ient  matr ix  for  use 
in the  solut ion of the equations of motion, 
The format  ion of t h e  A X  m a t r i x  is controlled by ARO-4 , which 
monitors the solution of a well-paneled (in the aerodynamic sense) 
AIC matrix, then shrinks it into a m o r e  managable s i z e   f o r  
subsequent loads analysis, The loads  fo r  t he  ma t r ix  a re  ac tua l ly  
formed by ARO-5, which i n   t u r n  relies on ARO-6 f o r   t h e  
interference of the body on the  w i n g .  Wings, empennages, bodies, 
and nacelles are modelled, The solut ion is va l id  f r o m  Mach = 0 
through Mach = 5, w i t h  a continuous solution through Mach = 1- 
The load  d is t r ibu t ion  is s t i l l  usable i n  the transonic r e g i m e ,  
although accurate surface pressures are not provided where mixed 
f low  ex is t s  
Block EM-4- Establ ish Trim Points--Goal: Compute angle of 
a t t ack ,  s ides l ip ,  and control  surface set t ings required for  trim- 
Trim p o i n t s  are usual ly  computed f o r  level f l i g h t -  H o w e v e r ,  
a steady climb, ve r t i ca l  acce le ra t ion ,  steady tu rn ,  and s i d e s l i p  
are a l s o  valid i n i t i a l  c o n d i t i o n s ,  The t r i m  points are computed 
(SCC-16) by i t e r a t i n g  upon the mass matrix (block EM-1) , t he  
s t i f fnes s  ma t r ix  (block EM-2) , and the  aerodynamic influence 
coefficient matrix (block E”3) . These calculat ions are  t ime-  
consuming  due to the  large matr ix  s ize ,  Rence, an a l t e rna te  
approach w i l l  be t o   b u i l d  tables of t r i m  points for several  Mach 
number, a l t i t u d e ,  and weight conditions, Subsequent trim point 
calculat ions w i l l  require   only  reference to a t a b l e  I 
B l o c k  EM-5- Natural. Vibration Modes--Goal: Modal analysis is 
used throughout the industry when doing a f l u t t e r ,  dynamic loads, 
or elastic f l i g h t  c o n t r o l  system analysis, 
The i n i t i a l   s t e p  i n  any of these analyses is t o  ob ta in  the  
na tura l  v ibra t ion  modes of the airplane,  The natural  vibrat ion 
modes program (SDL-1) is used t o  calculate  both symmetric and 
antisymmetric free-free mode shapes, An option is included t o  be 
a b l e  t o  also calculate  cant i lever  modes. The free-free mode 
shapes are ca lcu la ted  d i rec t ly  us ing  a mass matrix and a free-free 
s t i f fnes s  ma t r ix  from blocks E”1 and EM-2, respect ively-  
Included in the output  with the mode shapes are modal frequencies, 
genera l ized  iner t ia  m a t r i x ,  and general ized s t i f fness  matr ix ,  
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The e n t i r e  m o d e  shape calculation would be automatic a t  
design level I V  - 
Block EM-6. Option?"Goal: Determine option to be  selected for 
generating equations of motion. 
This  decision is computerized, Two decisions are allowed, 
namely f l u t t e r  or quasi-steady. If f l u t t e r  o p t i o n  is selected, 
blocks EM-7, E"8,  and E"9 w i l l  be executed- Otherwise, E"10 
and FN-11 w i l l  be executed- 
Block E"7- Interpolat ion  "Goal :  Provide modal v a l u e s  a t  
aerodynamic control points.  
.The modal values of normal def lec t ion  and streamwise slopes 
a t  aerodynamic m n t r o l  points w i l l  be interpolated from t h e  
v ibra t ion  mdes a long  the  l i f t i ng  su r face  e l a s t i c  ax i s  ( ca l cu la t ed  
in block E"5) . The in te rpola t ion  is done by using a chain-of- 
c u b i c s  f i t t i n g  scheme (SFL-1). These i n t e r p l a t e d  m d a l  v a l u e s  
w i l l  be required for  execut ing the l i f t i n g   s u r f a c e   o s c i l l a t o r y  
aerodynamic programs described i n  block EM-8, 
Block FH-8- Unsteady  Aerodynamics"Goa1: Provide generalized 
force 'matrices for f l u t t e r   a n s l y s i s  - 
Generalized-force matrices are calculated by executing 
unsteady  a i r loads program. 
For a rapid f lut ter  analysis ,  general ized-force matr ices  are 
generated using l i f t i n g  l i n e  t h e o r y  (SFL-2) * State-of-the-art  
l if t ing surface unsteady aerodynamics are used f o r   f l u t t e r  
ana lys i s  of refined configurations,  Programs iden t i f i ed  a s  SFL-3, 
SF%-4, SF%-5, SFL-6, S a - 7 ,  SF'L-8 w i l l  provide t h e  capabi l i ty  to 
pred ic t  o sc i l l a to ry  a i r loads  on s ing le-p lanar  l i f t ing  sur faces ,  
single r i g i d  c o w l ,  m a i n  surface w i t h  leading edge and t r a i l i n g  
edge control surface(s)  and tab, wing-body, w i n g - t a i l ,  wing-cowl, 
T-tai l ,  V - t a i l ,  and other general  configurations,  
Generalized-force matrices may be interpolated w i t h  respect  
t o  reduced frequency a t  a certain Mach number using SFL-9. 
Block EM-9- Form Flu t t e r  Matrices--Goal:  Formulate the  equat ions 
of motion f o r   f l u t t e r   a n a l y s i s .  
F l u t t e r  matrices cons i s t  of generalized mass-and-stiffness 
matrices (block E"5) and generalized-force matrices (block E"8)  . 
These are formulated (along w i t h  speed,  a l t i tude,  and Mach number) 
as coef f ic ien t  matrices of a system of second-order ordinary 
di f fe ren t ia l  equat ions  (SFL-10, -11, and -12)-  Additional 
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equations may be required t o  account for t h e  presence of actuators  
(FCS-13) and control system feedbacks. 
Block-"M-lO, .Force Matrices"Goa1: Generalized-force matrices are 
required t o  ca lcu la te  both quasi-steady equations of motion ( E "  
11) and load equations except  accelerat ions in  the dynamic loads 
event (block IV-42) . 
The generalized-force matrix program (SDL-21 w i l l  use the 
aerodynamic inf luence coeff ic ient  matr ix  (EM-3) , rigid body modes, 
na tu ra l  vibration modes (E"5), m a s s  matrix (EM-11, and wind 
tunnel model corrections f r o m  the IPAD data base t o  generate panel 
aerodynamic and i n e r t i a  forces on the  ai rplane.  
A knowledgeable engineer will be required to intervene if 
problems  develop  during  on-line  operation - 
B1o.c.k- EM-11 -. Quasi -Steady Equations of Motion--Goal : The quasi- 
steady equations of motion are required in  the solut ion of the 
e l a s t i c  dynamic a i rp lane  for  f l i gh t  con t ro l s  system analys is  and 
dynamic loads analysis.  
The unaugmented equations of motion program (SDL-2) uses 
input  data from the  force matrices (EM-101 and natural  vibrat ion 
modes (EM-5). The approach used i n  gene ra t ing  the equations of 
motion is the  energy approach, or more spec i f i ca l ly ,  the "Lagrange 
method -n The program would be semiautomatic and would require an 
engineer to guide it during o f f - l i n e  operation, 
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6 -3.1 ' PROJECT DEFINITION 
Project  2 is defined t o  be a general  supersonic commercial 
t ransport ,  The wing geometry would be f ixed  or var iab le-  
Different  s t ructural  concepts  would be u t i l i z e d ,  and t h e  geometry 
could be control-configured- The m o s t  important limit is t h a t  the 
c ru i se  Mach number must be low enough so tha t   cool ing  by using the 
f u e l  as a heat sink would be adequate, The range and payload are 
unspecified,  
6 -3  - 2  DESIGN NETWORKS 
As i n  p r o j e c t  3 ,  the  general product level concept of f i g u r e  
20 appl ies  t o  t h i s  project ,  However, the titles of levels 111, 
IV, and V a re  r e fe r r ed  to as configuration sizing, configuration 
refinement, and configurat ion ver i f icat ion.  The following are 
time objectives for the preliminary design levels - 
Time Per T i m e  for 
Level Desiqn Cycle Convlerqed Desiqn Cycle 
I11 2 days * 
I11 t month * 
Iv 2 months 4 months 
V 3 months 6 months 
* One design  cycle  provides a converged design a t  levels 11 and 
111- A management decision is required t o  cont inue  unt i l  a 
converged design is obtained at levels IV and V. This 
provides management control  of the costs for computing and 
development tes t ing  ( sec t ion  6 . 7 - 2 )  - 
234 
SUPERSONIC A/C (contgd-) 
6.3.2.1 Design N e t w o r k s  for Product L e v e l s  
Figures 46 through 6 5  present the detailed design networks 
for project 2. The following information is pertinent to the 
networks: 
Network Blocks 
Computer decision 
Computer  or m a n  decision 
+Any act iv i ty  which has a -do" connotation, (e-g., display, 
develop, revise, etc,) includes the "gather information" network 
described in sect ion 6 - 5 ,  
6.3.2.2 Weiqhts Nomenclature 
Type A - S t a t i s t i c a l  group weights 
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Type B - Analytical  primary st ructure  weights ,  
statistical weights f o r  rest of 
ai rplane except  for known components 
Type C -Analy t ica l  primary and secondary 
s t r u c t u r a l  w e i g h t s ,  s t a t i s t i c a l  weights 
for rest of airplane except  for known 
components 
Type D - Analytical  weights (primary structure,  
seconaary s t ructure  and a l l  other 
items] except for known components 
Type E - All weights determined by imdividual 
Pa- 
OEW - Operating empty weight-  This  designates 
the weight of the  airplane including 
all weight except payload and usable fuel.  
6 -3.2 -3 Equations of Mation 
The equations of motion are a large group of technical  
program elements which have been i d e n t i f i e d   a s  a procedure in a 
separate network- They w e r e  grouped as a procedure because they 
are repeated many times throughout the design networks, the 
equations-of -motion network is shown i n  figure 65. 
6-3-2.4 Gather Information Network 
Throughout the design process, a t  each event where the re  is a 
"doa requirement (develop, define, display, e tc-) ,  the engineer 
must gather information required to  "do" t h a t  task- The "gather 
informationm network describes t h e  sequence of events that are 
an t i c ipa t ed  in  the quest f o r  a par t icular  information-  The 
v a t h e r  information" network is shown i n  section 6 . 5 -  
6.3.2.5 Narrative  Descriptions 
A narrat ive descr ibing the design and analysis activities is 
presented in section 6 -3.3 . Each network nar ra t ive  is iden t i f i ed  
by a reference network block number. Some parts of this nar ra t ive  
are the same as t h a t  of projec t  1; they have been included here 
for those who might choose t o  read only the project  2 descr ipt ion-  
Throughout the narrat ive,  references are m a d e  to  technical  program 
elements; an example would be ARO-9, which is an aerodynamics 
technical program element for wave drag and supersonic area rule.  
It is an ex i s t ing  computer program t h a t  has been iden t i f i ed  as a 
candidate for IPAD. (See Document  D6-60181-5, Feas ib i l i t y  Study, 
Volume V,) 
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Figure 46.- Design Networks: Project 2 (Supersonic  Commercial Transport), Level I 
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Figure 48.- Design Networks: Project 2, Level Ill 
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243 
LEVEL I V  (Continued) 
I V -26 
AIRPLANE  STATIC  LOADS 
IV-27 
IV-28 
SIZE  STRUCTURE FOR 
STRENGTH & FATIGUE 
CHANGE 
IGNIFICAN 
no 
IV-30 
t 
UPDATE  STRUCTURE  WEIGHTS 
(TYPE  CJ 
IV-31a - i 
REVISE 
STRUCTURAL 
CONCEPTS 
AND 
ARRANGEMENTS 
- - 
I v " J L  1 UPDATE  WEIGHTS,  BALANCE, 
LOADABILITY.  INERTIA I 
I -TYPE d- 
l 
I 
Figure 53.- Design Networks: Project 2, Level I V (Continued) 
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6 -3.3 N e t w o r k  A c t i v i t i e s  Description 
6 -3-3.1 Ley& I: Continuinq Research 
The purpose of this level is to mnitor continuing research 
and t o  assimilate   those results t h a t  w i l l  be important to the 
des igner  in  the IPAD environment. (See f i g .  46) , 
B l o c k  .I--l,- - fiong. Term G o a l s  Established By Manaqement--Research i n  
the technical  areas of the IPAD environment will continue in the 
pursui t  of  long-term goals. These goa ls  w i l l  be set by management 
and w i l l  no t  be required by specific IPAD activities. However, 
the ana lys i s   capab i l i t i e s  of IPAD levels If to V I  may be used t o  
i n d i c a t e   t h e  nore p ro f i t ab le  areas i n  which research funds could 
be spent, 
B l o c k  1-2. Research--This block represents the research being 
conducted t o  support the advancement of t h e  state of the design 
and ana lys i s  a r t s ,  Design concepts refer to research conducted t o  
develop detail  application capabili ty,  such as use of c o m p o s i t e  
materials, manufacturing processes jet  noise suppress ion, 
variable bypass ratio engines, etc. Technology r e f e r s  to  the 
general  development of information and processes within specific 
discipl ines ,  such as  aerodynamic cha rac t e r i s t i c s  of pressure 
d is t r ibu t ion  over  a i r fo i l  shapes ,  po ten t ia l  flaw analysis  or 
materials  developnent  characterist ics,  The users of the IPAD 
system will monitor these a c t i v i t i e s  to enter  new technical  
program elements into the l i b r a r y  and improve the technology da ta  
bases. 
6-3-3-2 Level 11: Desiqn Mission Selection 
The goal of l e v e l  11 is to select the design mission and 
cr i ter ia  for the subsequent design, Some very brief analysis  and 
criteria, (See f ig .  47 .] 
Block 11-1. Develop Level I1 Inputs--The data  stream for t h i s  
project begins w i t h  level 11. The i n i t i a l  i n p u t s  w i l l  be derived 
from t w o  sources. The user w i l l  provide specific inputs such as 
the problem constraints, performance requirements, and technology 
t i m e  period, The l a s t  item w i l l  point to  groups of da t a  in the 
data base required to support  the various technologies, Level XI 
is intended to  be executed without interruption; therefore, a l l  
the  inputs  required for level 11 should be given a t  t h e  beginning- 
' design logic w i l l  be required to support the  se lec t ion  of these 
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Block 11-2, Define Open Market; Determine Market Environment" 
Goal: To i d e n t i f y  the open market for a new a i rp lane  and 
determine market environment  disciplines fo r  t h e  new a i rp lane  
engineering design. 
A nrathematical model (MKT-1) c a l c u l a t e s  a i r l i n e  f l e e t  
requirements based on a i r l i n e   t r a f f i c  forecasts and airplane 
inventory. An optimum new airplane is determined for t h i s  market- 
The a i rp lane  route  s y s t e m  is a l so  iden t i f i ed  and i ts  market 
environment disciplines are determined by processing the market 
factors such as competitive market  shares, growth, wind 
temperature, a i r f i e l d s ,  etc-, (MKT-2). 
Block 11-3. Propose D e s i c m  Mission; Assess Market--Goal: To 
analyze market requirements and determine design mission 
requirements t h a t  need to  be m e t  for the  market environment 
disciplines determined in block 11-2- 
The market potential  of a new a i rp lane  i s  evaluated (MKT-3}. 
Block 11-4- Desiqn  Mission OK?--<;oal: To determine i f  the design 
mission meets the market environment disciplines. 
This decision is manual and human judgment may be exercised 
in   i n t e rp re t ing  the disc ip l ines ,  
R e v i e w  and r e c y c l e  i f  desired- 
Block 11-5- Confiqure Airframe and/or Enqine Family (Parametric) & 
Compute Performance & D e s i q n  Trade Data--Goal: To configure an 
airframe and/or engine family and compute the performance 
cha rac t e r i s t i c s  of the family, This will provide design trade 
d a t a  f o r  the family. (See f ig .  66-1 
The elements comprising this a c t i v i t y   a r e  t o  be executed w i t h  
a minimum of input,  as the in t en t  is to provide data for the 
se lec t ion  of the design mission rather than to determine the best 
configuration. The,inputs w i l l  be composed primarily of range, 
payload, Mach numb&, technology base ( t i m e  period) , a g r i d  of 
thrust loading (T#W) and wing loading ( W / S )  , and an i n i t i a l  OLW 
(WTS-1). The DCA-2 geometry module w i l l  turn each airplane i n  t h e  
g r i d  i n t o  a parametric geometry, The performance w i l l  be 
calculated using a simplified process (PRF-1) . Iow-speed l i f t  and 
drag w i l l  come from ARO-8; t h r u s t  and f u e l  consumption from 
modules PRO-3, -4, -5 and -6 ,  and a group weight-and-balance 
statement from module WTS-2- The subsonic drag w i l l  be provided 
by ARO-7, The supersonic drag w i l l  be done by component, with 
ARO-9 f ind ing  the  wave drag and pressure drag due t o  l i f t ,  ARO-12 
giving the skin f r ic t ion  drag ,  and AXO-17 f inding the vortex drag- 
due-to-lif t - 
258 
SUPERSONIC A/C (contCd-) 
The weight--balance module w i l l  contain the following 
analyses: 
Statistical OEW predict ion methods which produce a 30-item 
group weight statement 
S t a t i s t i c a l  OEW balance arm prediction methods w h i c h  produce 
a 30-item horizontal  center of gravity statement 
Fuel volume and f u e l  management calculat ion 
Passenger, cargo and fue l  loading  ca lcu la t ions  
Three-axis mass moment of i ne r t i a  abou t  the a i rp lane  c-g- 
calculat ion 
Airplane balance and loadabi l i ty  calculat ions 
The base statistical equations are of a form such that  each 
group weight i t e m  i s  predicted cls a function of a set  of 
independent parameters. 
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The process of f inding the correct s i z e  of the geometry 
and/or  engine is i t e r a t i v e ,  (See f igu re  6 6 4  The iteration is 
performed for each geometry of t h e  T/W-versus-W/S g r id -  The 
r e s u l t  will be a f i e l d  (a %humbprint") of a i rp l anes  tha t  w i l l  a l l  
do the mission, Ihe trade information w i l l  a l l o w  va l id  se l ec t ion  
of the best design mission, e,g,, the mission with the best sales 
potent ia l  for t h e  class of airplane under consideration, 
The design  t rade  data  will a l s o   c o n s i s t  of comparative 
evaluations of operat ional  and support costs f o r  competing 
configurations.  These t r ades  w i l l  be done by REL-1, -4, -14 and - 
41 for alternate e n g i n e  and system concepts and by REL-1 and -4  
for support  requirements and operational facil i t ies a t   t h e  
a i r p o r t s   i n  the intended routes. 
Block- I I . - 6 , -  ~ Airplane Economics Analysis--Goal: To evaluate  the 
operating economics of an airplane.  
Airplane relat ive cost  values are determined (F'NC-1) .. 
Airplane economics are  evaluated in terms of trip operating cost ,  
ROI ,  break-even load f ac to r ,  etc- (MXT-4) , For a given airplane 
route  system, the operat ing prof i tabi l i ty  of the  a i rp l ane  is 
evaluated (MKT-5) I As an a i d e  in design refinement economic 
s e n s i t i v i t y  and design trade evaluation can be an opt ion i n  MKT-4. 
I n  add i t ion .  t he  to t a l  a i rp l ane  performance w i l l  be assessed 
i n  terms of r e l i a b i l i t y  and mciintainabi l i ty  in  regards  t o  airplane 
ava i l ab i l i t y ,  suppor t  costs (personnel and mater ia l ) ,  and a i r p o r t  
operational considerations,  This assessment w i l l  be done by t h e  
maintenance, operation and support simulation models of REL-1 and 
-4 - 
Block-31-7,- Forecast Sales Potential--Goal: To forecas t  the 
sa l e s  po ten t i a l  of a new a i rp lane-  
Requirements of the new a i rp lane  are calculated by a i r l i n e  
and year t o  determine total  sales poten t ia l  of t he  new airplane 
(MKT-6) . 
Block 11-8, Sui tab le  Sales Potential?"Goal:  To determine 
whether the sales p o t e n t i a l  is enough f o r  the  r e l a t ed  development 
cost I 
A man decision i s  made. based on a review of the sales 
potent ia l  for  each candidate  configuration under investigation, 
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The goal of level I11 is to size  candidate  configurat ions t o  
the design mission and criteria. The s i z ing  logic should be 
constructed to be executed w i t h  m i n i m a l  user intervention, 
The level 111 network has been d iv ided   i n to  t w o  parts, 
'Pgeometry s iz ingR and "structure sizing.= me geometry s iz ing  
p a r t  is an iterative process controlled by an equation solving 
module (DCA-4) which drives the configurat ion design var iables  
(e-g., wing area,  root chord, t i p  chord, etc.) u n t i l  a prescribed 
set of equal i ty  and inequal i ty  constraints  such as range, f i e l d  
length,  etc,, are s a t i s f i e d -  The ana lys i s  to support geometry 
s iz ing  is based on s t a t i s t i c a l  data and no user intervention is 
envisioned when a configuration designer develops the input. The 
s t ruc tu re   s i z ing   pa r t  provides def in i t i on  of the primary structure 
which is sized by analysis .  This analysis  includes static loads 
w i t h  s t a t i s t i c a l   f a c t o r s   f o r  dynamic loads. smeared material which 
is stress sized for strength and fatigue, weights and a f l u t t e r  
analysis ,  The basis for  the weight  es t imate  of secondary 
s t r u c t u r e  and nonstructure items remains s t a t i s t i c a l ,  The 
iterative looping  for  structure s i z ing  is m a n  controlled and the 
configuration designer may consult  w i t h  s p e c i a l i s t s  from the 
fol lowing discipl ines  : st ructure  design,  static loads, dynamic 
loads, stress, f l u t t e r  and weights. (See f i g s ,  48 through 50 , )  
Block 111-1, Develop Level 111 Inputs--The  development of inputs  
for level 111 w i l l  be s imi la r  t o  level I 1  for the categories of 
user and data base information. H o w e v e r ,  in many cases a l eve l  
111 execution w i l l  begin from a l e v e l  I1 solut ion.  In  these 
instances,  the preparat ion of information required by level 111 
from level 11 r e s u l t s  is t o  be done by automatic processes. These 
defaul t  ca lcu la t ions  will be approved and corrected by t h e  user 
pr ior  t o  execution of l e v e l  111. 
It w i l l  be desirable,  but not necessary,  to execute level 111 
without interruption, so the input information for  the ent i re  
execution should be avai lab le  a t  the beginning. The user may 
monitor the so lu t ion  (espec ia l ly  in  cases where optimization is 
being done) to  in te r rupt ,  correct. then restart a solution, 
However, the f lu t t e r  so lu t ion  dec l s ions  require m a n  in teract ion.  
Block 111-2- Calculate Geome+-rv--Goal: To define and cont ro l  the  
a i rp lane  geometry, including planforms, arrangements, propulsion, 
and the locat ion of major equipnent items. 
An a i rp lane  geometry consisting of t h e  body, wing, empennage, 
canard, power p lan ts ,  and landing gear is integrated into a lof ted  
general  arrangement (DCA-1. DGL-1 and P R O - 2 ) -  The i n i t i a l  s i z e s  
are input and may represent  an exis t ing airplane,  a modification 
of an exis t ing  a i rp lane  or  the designer's judgment for a new 
airplane,  This module w i l l  accept input from subsequent analysis 
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modules and will r e s i z e  t h e  wing, engines, empennage, canard and 
control surfaces and/or w i l l  relocate t h e  wing and landing gear t o  
m e e t  the mission requirements and criteria for performance, 
weights ,  balance,  loadabi l i ty ,  s tabi l i ty ,  and control.  
An SST geometry is d i f f i c u l t  to character ize  and many 
var ia t ions  have been invest igated-  In  general ,  the  configurat ion 
may be c l a s s i f i ed  as t a i l e d  or t a i l l e s s  and by type of wing 
planform, i,e,, d e l t a  or arrow- A tail or canard or combinations 
of both may be incorporated for s t a b i l i t y  and control  
considerations,  The wing and canard may have fixed or var iab le  
geometry, A tailless version of the arrow wing may incorporate a 
re t rac tab le  canard  and  ver t ica l  f ins  near  t h e  wing t i p s  and a t  the 
body center l ine,  A wave-rider concept may require foldlng wing 
t i p s -  I n i t i a l  c o n s i d e r a t i o n s  i n c l u d e  c r i t e r i a  f o r  a r e a  
d i s t r ibu t ion ,  e f f ec t ive  cclmber surfaces,  and center of pressure 
control  or fuel tank arrangements t o  f a c i l i t a t e   f u e l  management 
for  center-of-gravi ty  control  over the operational speed envelope, 
The body is  characterized by the  fineness r a t i o ,  planview, 
halfbreadth,  camber line, crown l i n e ,  keel l i n e ,  f l o o r  l i n e ,  and 
area  d is t r ibu t ion ,  The design is related to the requirements for 
t h e  area distribution. control cabin, payload (passenger, baggage, 
and cargo),  type of configuration, and propulsion arrangement, 
The payload requirements include cri teria for comfort, seating 
arrangements, aisles, access to emergency ex i t s ,  l ava to r i e s ,  
galleys, cargo compartments, cargo containers, doors, clearances 
for  loading and emergency evacuation, windows, and s t ruc tu re -  
The wing i s  characterized by the type of planform and by 
parameters such as aspec t  ra t io ,  t aper  ra t io ,  sweep angle,  
thickness form, tw i s t ,  and camber fo rm,  F l igh t  and ground cont ro l  
surfaces  are iden t i f i ed  by type  and by percent of chord and span. 
Spars and the main gear  support  s t ructure  are located t o  provide 
space for control  surfaces  and actuators, Spar depths and wing 
f u e l  volumes are determined, The wing may have fixed or var iable  
geometry- 
The empennage is characterized by the locat ion and type of 
s t a b i l i z e r s  and by 'parameters  s imilar  to  the wing, 
The canard is characterized by type (f ixed,  f ree-f loat ing or 
controllable) and parameters similar t o  t h e  wing. The canard may 
have f ixed or r e t r ac t ab le  geometry. 
The power p l an t s  are characterized by an engine cycle (rubber 
engine) and a nacelle geometry or by input of a specif ic  engine 
and nacelle.  The engines may be located on t h e  wing and body or 
on t h e  body center l ine-  The rubber engines  are  S i z e d  for takeoff,  
t ransonic  accelerat ion or c ru i se   t h rus t -  
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The landing gear arrangements are Characterized by kind 
(bicycle or tricycle) 8 type (duel or truck),  and number of main 
gear (two, three or four) . The gear is located and s ized t o  meet 
criteria for s t rength ,  f lo ta t ion ,  ground handling, takeoff 
ro ta t ion ,  p i tch ,  and roll. 
The controls are characterized by primary f l i g h t  
( longi tudinal ,  la teral ,  and direct ional)  , secondary f l i g h t  (lift 
and drag) , and ground (drag and d i rec t iona l ) .  The primary f l i g h t  
control  surfaces  are s ized and located to  m e e t  s t a b i l i t y  and 
c o n t r o l  c r i t e r i a ,  The secondary f l i g h t  and ground m n t r o l  
surfaces  are s ized  and located to in tegra te  wi th  the f l i g h t  
control  surfaces  and landing gear structure and to meet 
requirements for f i e ld  l eng th  performance. 
Major i t e m s  such as  fue l  t anks ,  e l ec t ron ic s ,  and 
environmental control units are located to reserve space and 
provide weight and balance information W A - 3 ,  ST"1, -23, -24, 
and -25 )  * 
Block 111-3. Calculate Cruise Performance, W i n q  Aerodynamics 
Analysis"Goa1: The climb and accelerat ion,  cruise, descent,  and 
deceleration portions of the mission are calculated t o  provide 
fuel burned, block t i m e 8  and f l i g h t  p r o f i l e -  
The mission w i l l  be calculated by PRF-2- Simplified 
equations of motion are integrated and give r e s u l t s   t h a t   a r e  
accurate to  w i t h i n  1% of real r e s u l t s ,  The cruise  drag is 
provided by several  modules. The subsonic drag is provided by 
module ARO-7, For the supersonic drag, m o d u l e s  -0-9 and ARO-11 
f i n d   t h e  wave drag, module ARO-12 g ives   t he   sk in   f r i c t ion   d rag ,  
and either ARO-5 or ARO-10 provides drag-due-to-lift and wing- 
nacelle interference drag, and module ARO-6 determines the 
a e r o e l a s t i c  e f f e c t  on dray. Thrust and f u e l  consumption data is  
provided ei ther  by t a b l e  lookup (PRO-5) or by thermodynamic cycle- 
matching (PRO-3 or  PRO-4) , together w i t h  the  engine  ins ta l la t ion  
module PRO-6)  In  general ,  the cycle-matching  technique w i l l  be 
used, as it is more f l e x i b l e  and can provide pract ical ly  any 
thermodynamic parameters pertaining to  the engine, 
The process for finding the supersonic cruise d r a g  w i l l  
d i sc lose  the theoretical pressuxe dis t r ibut ion on the  wing and 
body, if ARO-S is used t o  f i n d  the drag-due-to-lif t .  Examination 
of the wing pressures and t h e  body effect on the pressures w i l l  
ind ica te  the acceptab i l i ty  of the wing f r o m  the aerodynamic point 
of view, This does not  imply an aerodynamic design to the degree 
des i red  for  wind tunnel  tes t ing ,  bu t  on ly  that  the thickness form 
does not contain reg ions  tha t  would la te r  prec lude  a successful 
wing design, 
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B.1-k 111.-4" Type B Weiqhts  Available?"Goal: I f  the level 111 
analysis has been executed t o  the point  where type B weights  have 
been calculated (block 111-19) or i n  level IV, ra ther  than re- 
executing a s t a t i s t i c a l   t y p e  A weights analysis because of a 
s l i g h t  change i n  the configuration, greater accuracy w i l l  be 
obtained by scal ing the group weights as determined i n  the type B 
weights analysis- T h i s  would be done i n  block 111-7- 
B ~ o c k ~ I I I . - S . ~ ~ .  . C a l w l a t e  We-lght and Balance - "pe A"Goa1: To 
provide the necessary output,  consistent w i t h  amount of 
information known a t  t h i s  level, to determine whether t h e  
configuration under consideration is acceptable from t h e  
standpoints of weight, balance, and Ioadability, 
The technical  program element providing t h i s  information 
should oontain the following analysis: 
S t a t i s t i c a l  OEW weight prediction methods which produce a 30- 
item group weight statement (base buildup option) 
S t a t i s t i c a l  OEW balance a r m  prediction methods which produce 
a 30-item horizontal  c,g,  statement 
Fuel volume and management ca lcu la t ions  
Passenger, cargo, and fuel  loading calculat ions 
Three-axis mass moment of ine r t i a  abou t  t he  a i rp l ane  c.g. 
calculat ions 
Airplane balance and loadability calculations (determined in 
conjunction with the s t a b i l i t y  and control block 111-6) 
The base bui ldup  s ta t i s t ica l  equat ions  a re  of a form such 
that each group weight item is predicted as  a function of a set  of 
independent parameters, This type of equation is  not  su i ted  for 
scaling. 
Technical program element WTS-2 conta ins  th i s  ana lys i s  fo r  
subsonic transport designs- The di f fe rence  in  the  ana lys i s  
between subsonic and supersonic designs is primarily in i t e m s  1 
and 2. For f i r s t  implementation, it might be possible  to 
subs t i t u t e  t echn ica l  program element WTS-24 for t h e  s t a t i s t i c a l  
weight methods i n  technica l  program element WTS-2- 
Block Ig-6- Auqmented Stability and Control"Goa1: The 
horizontal  and v e r t i c a l  t a i l  surfaces are sized and located on the 
a i rp lane  in  conjunct ion  w i t h  a prac t ica l  cog .  loca t ion  and range, 
A f l igh t   cont ro l   sys tem w i l l  provide increments in maneuver margin 
t h a t  w i l l  be required for  handl ing qual i t ies  with aft c - g - e s  
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located for optimum trim drag.. Lateral cont ro l  sur faces  a re  s ized  
and located on the  wing- The main landing gear location and s i z e  
are  selected.  
Technical program element SEC-20 uses both t heo re t i ca l  and 
h i s t o r i c a l   d a t a  t o  enable preliminary vertical and horizontal  t a i l  
s i z i n g  to be made within a c-g. range chosen for minimum trim drag 
a t  c r u i s e -  The horizontal  tail is s ized  t o  provide both control  
and s t a b i l i t y  i n  c o n j u n c t i o n  w i t h  a f l i g h t  control system and SAS 
t h a t  w i l l  be synthesized by a combination of fac tored  h is tor ica l  
data  and s implif ied  calculat ions (FCS-14) Control   and  s tabi l i ty  
functions,  which are  affected through t h e  all-moving horizontal 
tail, m e e t  a i rp l ane  p i t ch  con t ro l  c r i t e r i a  and the requirements of 
t h e  SAS- The v e r t i c a l  t a i l  is s ized  for d i r e c t i o n a l  s t a b i l i t y  
c r i t e r i a  and directional control requirements using a conventional 
rudder  surface-  Direct ional  s tabi l i ty  is aucpented by a lateral  
SAS using inputs based on Boeing SST experience- 
Lateral  controls  selected by the program to  m e e t  s implified 
roll response criteria are  prel iminary but  adequate  to  enable  a 
provisional wing control  surface and f l ap  l ayou t  t o  be 
established - 
The main landing gear location and s i z e  is selected following 
the selection of the a f t  cg limit. 
I f  the s t a b i l i t y  and control requirements are not m e t ,  the 
geometry module w i l l  be required to r e s i z e   t h e   s t a b i l i z e r s  and/or 
control surfaces, These changes are c o n t r o l l e d  by DCA-4 and are 
executed af ter  the test i n  block 111-8. 
Block 111-7, Scale Weiqht  and l3alance"Goal: To provide the 
necessary output,  consistent with the amount of information known 
a t  this leve l ,  to  determine i f  the configuration under 
consideration i s  acceptable from the s tandpoints  of weight,  
balance and loadability- 
The technical  program elanent providing this output should 
contain the following analyses: 
Statistical OEW weight prediction methods producing a 30-item 
group weight statement (scaling options) 
S t a t i s t i c a l  OEW balance arm prediction methods which produce 
a 30-item horizontal  c-g- statement 
Fuel volume and management ca lcu la t ions  
Passenger, cargo, and fuel-loading calculations 
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Three-axis mass moment of i n e r t i a l  about the  a i rp lane  cogc  
calculat ions 
Airplane balance and loadabi l i ty  calculat ions determined in  
conjunction w i t h  t he  s t a b i l i t y  and control (block 111-6) 
The sca l ing  s t a t i s t i ca l  equa t ions  are of a form such t h a t  
each group weight i t e m  is predic ted  as  a function of a base weight 
and a set of parameters normalized to  r e f l e c t  changes i n  
configuration. In this instance,  base weights w i l l  be those 
determined by block 111-19. 
Technical program element WTS-2 conta ins  th i s  ana lys i s  for  
subsonic t ransport  designs.  The d i f f e rence  in  t h e  analysis  
between subsonic and supersonic designs i s  primarily i n  i t e m s  1 
and 2 ,  For first implementation, it might be possible to  
substitute technical  program element WTS-24 f o r   t h e   s t a t i s t i c a l  
weights methods in technical  program element WTS-2. 
Block I I I -8 ,  Loadability/OEW Criteria  Met?"Goal (7) : To compare 
t h e  OEW calculated by the w e i g h t s  analysis  (blocks 111-5 or 111-7) 
and t h e  OEW as  s ized  by the cruise performance analysis (block 
111-3) and t o  determine whether t h e  difference between the OEW's 
is within acceptable limits. I f  the  d i f fe rence  is too great ,  the  
geometry module (block 111-2) will be r e q u i r e d  t o  r e s i z e  the 
configuration- The required changes are computer-controlled by 
DCA-4. 
Goal ( 2 )  : To compare t h e  available forward and a f t  c e n t e r -  
of-gravity limits a s  determined by the stabil i ty-and-control 
ana lys i s  (block 111-6) and the required forward-and-after center- 
of-gravity balance and loadabi l i ty  limits a s  determined by the 
weights analysis (blocks 111-5 or 111-7) - If the difference 
between the  requi red  and avai lable  center of gravi ty  limits is too 
grea t ,  the  geometry module [block 111-2) w i l l  be requi red  to  
resize the empennage, I f  t h e  OEW cg position does not result i n  
acceptable airplane balance,  the geometry module (block 111-2) 
w i l l  be required to adjus t  the posi t ion of such items as t he  wing 
and g e a r  r e l a t i v e - t o  the body, The required changes are computer- 
controlled by DCA-4. 
Block 111-9. Calcblate Low-Speed Performance and Observer Stat- 
Noise--Goal: Th i s  ac t iv i ty  w i l l  ca lcu la te  the  takeoff  and landing 
performance of a configuration, Observer s t a t i o n  noise w i l l  be 
provided. 
The takeoff and landing performances are determined by 
separate  technical  program elements. H o w e v e r ,  both are supported 
by a low-speed l i f t - a n d d r a g  module (ARO-8) and by t h r u s t  and f u e l  
flow modules t h a t  u t i l i z e  e i t h e r  t a b l e  lookups (PRO-5) or 
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thermodynamic cycles (PRO-3 or PRO-4)- The propulsion modules a r e  
interfaced by t h e   e n g i n e   i n s t a l l a t i o n  module P R O - 6 )  - 
Takeoff and climb-out performances (PRF-3) are provided by 
integrating simplified equations of motion- The t akeof f  f i e ld  
length is determined for the balanced f i e l d  s i t u a t i o n ,  and t h e  
l a r g e s t   f l a p   s e t t i n g  that w i l l  meet the FAA m i n i m u m  climb gradient  
is used- 
Landing performance (PpRF-4) is also found by integrat ing t h e  
equations of motion. The procedure finds the minimum f l a p  s e t t i n g  
t h a t  w i l l  meet t h e  FAR 25 climb-out requirements- 
Observer s t a t i o n  noise for takeoff, approach, and s ide l ine  is 
estimated using module PNZ-1. 
Block I I I -10-  D e s i q n  Criteria Met?--The loop  tha t  iterates t o  
s i z e  a Configuration begins a t  block 111-2 and ends a t  t h i s  block. 
The i t e r a t i o n  i s  necessary t o  f ind  the values for the parameters 
control l ing the configurat ion s ize  that  produces a geometry that 
meets the input requirements. The order of t h e  a c t i v i t i e s  in the  
loop of level I11 w i l l  cause the s i z e  t o  be establ ished first t o  
do t he  c ru i se  pa r t  of the mission, then t h e  takeoff and landing 
port ions-  The cycling w i l l  be cmmputer-controlled by DCA-4- 
Block 111-11 - Calculate Finance, Cost,  Market Suitabi1ity”The 
configurat ion  s iz ing of the f kst p a r t  of level XI1 w i l l  produce 
performance information of greater reliability than was ava i lab le  
from block 11-5. Thus, t h e  finance and marke t ing  ac t iv i t ies  of 
blocks 11-6 and 11-7 can be repea ted  to  obta in  better in s igh t  i n to  
the product  sui tabi l i ty .  T h i s  requires  t h e  use  of FNC-1, a 
preliminary design cost model, and MKT-4, -5, and -6 t o  evaluate 
the route system application on the market model of t h e  
configuration under consideration. Market suitabil i ty and t h e  
forecast of sa l e s  po ten t i a l  can be updated- 
B l o c k  111-12- Define  Structural  Concepts and Struc tura l  
Arransement”Goa1:  Define the st ructural  concepts  and mater ia ls  
of the airframe primary s t r u c t u r e ,  Synthesize the arrangement in 
d e t a i l  adequate for preliminary gross sizing but consis tent  w i t h  
appropriate  design cr i ter ia .  
Ident i fy  the nature of the primary structure far the major 
airframe components, wing, body, empennage, landing gear, and 
nacelles,  The mater ia ls  and structural  concepts chosen w i l l  
influence allowable loads and deflections that are determined i n  
subsequent network event blocks- 
Integrate the major structural  elements into the airframe 
geometry i n  a m a n n e r  appropriate for the structural conceptsr 
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materials used, manufacturing capabilities, and other design 
criteria. Spars, r i b s ,  bulkhead,  cutouts,  frames,  stringers,  keel 
beam, floor b e a m s ,  longerons, and landing gear support  s t ructure  
a re  loca ted  and ident i f ied .  The arrangement of these primary 
s t ructural  e lements  w i l l  provide for an ef f ic ien t ,  durable ,  l o w -  
cost, and--most  important--safe  airframe, Many des ign  c r i t e r i a  
a re  involved  in  this synthesis. In  addi t ion  to those already 
mentioned, s t ruc tu ra l  con t inu i ty ,  f a i l  s a fe ty ,  f a t igue ,  
redundance, f u e l  management, f u e l  tank  seal ing and access, 
manufacturing capabili t ies and practices, systems space envelopes 
and cer t i f icat ion requirements  are s o m e  o ther  less obvious but 
important considerations. 
G e o m e t r i c  considerations w l l l  be based on input block 111-2 
(calculate geometry) and the output w i l l  provide t h e  necessary 
depth for f i n i t e  element  geometry  used l a t e r  in block V-11. The 
output of t h i s   t a s k  will also be compatible w i t h  computerized 
draf t ing  prac t ices  and requirements- This will provide for  use of 
these  methods and t h i s  data  for layout and design studies at 
levels IV and V and further, a f i r s t  bas is  for computer-drawn 
d e t a i l  parts a t  l eve l  V I  (DSA-1, -2 ,  -3, -4 and DGL-9) . 
Block 111-13. Calculate Winq. Body, and Empennaqe 
Panelins E Weiqht Distributions"Goa1: To provide the 
necessary  informat ion  for  in i t ia l  s t ruc tura l  loads  and stress 
analyses, The required information are of the following types: 
a) Airplane  planform and sect ion geometry, 
b)  Airplane  aerodynamic and s t ructural   panel   def ini t ions,  
c) A preliminary  estimate of the structural   panel  weights,  
center of g r a v i t i e s ,  and i n e r t i a s .  
When operat ing within the 1PAD system, items b) and c) w i l l  
be performed by technical program element WTS-25, while i t e m  a) 
w i l l  be done by block 111-2. 
Block 111-14- Airplane Static Loads--Goal: Calculation of load 
d i s t r ibu t ions  on the major airframe components resu l t ing  from 
des ign  condi t ions  ( s ta t ic  and gust  formulae) and a fatigue mission 
prof i le .  
S t a t i c  l oads  for a supersonic configuration would be 
generated using a panel representation of the airplane-  ?'he 
method used is based on Woodward's l i f t i n g  s u r f a c e  method (AKO-5)- 
Matrix methods a r e  used t o  solve simultaneous l inear equations for 
loads,   deflections,   accelerations,  and s t ab i l i t y  de r iva t ives ,  The 
current  program (SLO-4) computes unit and balanced load solut ions 
for symmetric maneuvers of a r i g i d  or f lex ib le  a i rp lane ,  
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Integrated panel loads along a user-defined axis  give shear,  
moment, and tors ion - 
This program forms the loads module with  the  A!&AS system 
(STR-6) - 
Flight  condi t ion data would be input by a knowledgeable user, 
Block 3-11-15. Determine Thermal Effects--G<Ml: To predic t  the 
e f f e c t  of thermal heating on the  a i rc raf t ' s  p r imary  s t ruc ture-  
This estimation w i l l  be done by STR-16 for t w o  missions, 
namely, the intended design mission and the design mission with an 
emergency descent. The r e s u l t  of the est imat ion w i l l  be the 
temperature history of the  a i rc raf t ' s  p r imary  structure, 
Block 111-16- Size  S t ruc ture  for Strenq th  and Fatique"Goa1: 
Preliminary sizing of the primary s t r u c t u r e   f o r   s t a t i c  strength 
and fa t igue (fai l -safe  design)  t o  e s t ab l i sh  a i rp l ane  s t ruc tu ra l  
weight and e las t ic  response  characteristics- 
For the s t ruc ture  def ined  in 111-12, t h e  loads ca lcu la ted  in  
111-14, and the thermal  effects  from 111-15, the primary structure 
is s ized  for static strength and fa t igue-  The fatigue 
analysis/sizing estimates ground-air-ground (GAG) cycle  stresses 
and GAG damage r a t i o s  (STR-5)- For t he  s t r eng th  sizing, f i n i t e  
element technology (e -gc, STR-6) w i l l  be applied, Since flowtime 
is extremely important, the f i n i t e  element model w i l l  be highly 
lumped, It is ant ic ipa ted  that the m o d e l  would have 300-500 nodes 
w i t h  750-1250 elements. Where applicable, elementary beam theory 
(STR-3, -4) could be applied for detailed sizing consis tent  w i t h  
the  f ini te-element  model d e t a i l -  The r e s u l t i n g  sized-beam could 
be represented   in   the  model as an equivalent beam or a s  a 
dis t r ibuted  sect ion  using  off  set technology or generalized 
cons t ra in ts -  U s i n g  generalized constraints would increase the 
number of nodes s igni f icant ly  but  wpuld not  necessar i ly  increase 
t h e  number of ac t ive  freedoms (unknowns) - The f i n i t e  element 
model would serve as the  basis f o r  the s t i f f n e s s  ( f l e x i b i l i t y )  
matrices which represent   the   s t ruc tura l  elastic response 
charac te r i s t ics .  
Mater ia l  propert ies ,  structural componmt al lowables ,  fa t igue 
r e l i a b i l i t y  f a c t o r s ,  GAG cycle stresses and GAG damage r a t i o s  for 
locations on major components are obtained f r o m  the data base- 
Block 111-17 - F l e x i b i l i t y  Chanqe Siqnificant?--Goal: A computer 
or man decision on the signif icance of the &ange i n  f l e x i b i l i t y ,  
Loads are calculated f o r  a given  f lex ib i l i ty ;  the resu l t ing  
strength-designed structure LS sized and a new f l e x i b i l i t y  is 
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calculated,  If the change i n  f l e x i b i l i t y  is such t h a t  a 
significant loads change would r e su l t ,  the loads and sizing 
routines @locks 111-14 and 111-16) are repeated. 
If the change is no t   s ign i f i can t   t he   r e su l t i ng  structure is 
weighed (block 111-191 - 
Block 111-18. Stability E Control Check--Goal: T a i l  s i z i n g  and 
balance task in block 111-6 is checked using computed s t ruc tu ra l  
s t i f fnes ses  r e su l t i ng  f r o m  blocks 111-14,  -15, and -16. 
SEC-20 program is  rerun w i t h  computed s t i f fnesses  rep lac ing  
the statistical va lues ,  S t ruc tura l  f lex ib i l i ty  has  a major 
influence on SST tail and control  s iz ing-  
Block 111-19, . Calculate . . . . . - - . Weiqht. Balance, and Loadabili ty - 
Type B"Goa1: To calculate-  type B weight, balance, and 
loadabi l i ty  for the configuration which has been s ized for 
s t rength  and fa t igue.  
Accomplishing t h i s  a c t i v i t y  i n v o l v e s  t e c h n i c a l  P r o V a  
elements that: 
Execute the weights update control module (WTS-15) , which 
w o u l d  re-execute only those portions of the weights technical 
program elements w h o s e  input  had changed 
Calculate wing primary structure mass elements based on 
f inite-element  analysis (WTS-21) , 
Calculate body/empennage primary s t ruc tu re  mass elements 
based on f i n i t e  element analysis (WTS-21) 
Calculate wing secondary structure m a s s  elements (WTS-7) 
Calculate body/empennage secondary structure m a s s  elements 
(wTs-8) 
Calculate lanUing gear mass elements (WTS-) 
Calculate  nacel le  and s t rut ,  propuls ion,  fixed equipment, and 
standard and operational m a s s  elements (WTS-10) 
Calculate  fuel  mass elements (MTS-11) 
Accumulate mass elements within each s t ruc tura l  pane l  and 
calculate  weight ,  center  of gravi ty ,  and i n e r t i a  for each 
s t ruc tura l  pane l  and for the wing, body, and empennage (WTS- 
12) 
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Generate a weight statement pat terned after t h e  AN 9102-D 
format based on the previously calculated mass elements (WTS- 
13) 
Calculate total airplane mass prope r t i e s  fo r  various points  
on t h e  balance diagram and determine updated panel mass 
proper t ies  for  recyc l ing  through s t ruc tura l  ana lyses  of 
blocks 111-14 and 111-15 (WTS-14) 
Determine f u e l  management requirements (WTS-26) 
The type B weights  are  sui ted for sca l ing-  D a t a  
cormrmnicatlon 1s similar t o  that  discussed in block 111-32. 
Block 111-20 Panel Mass/Inertia Chanqe Siqnif icant?--Since the 
loads analyses are sens i t i ve  to panel m a s s  properties, each t i m e  
t h e  weights analyses update the panel's mass, center-of-gravi ty  
and iner t ia ,  the e f f e c t  of these changes on the loads analyses 
should be exanined, If the  mass property changes are significant,  
the loads and the st ructural  analyses  should be re-executed- 
Block 111-21- Loadability/OEW Criteria Met?--Goal 1: To compare 
the  ava i l ab le  OEW ca lcu la ted  by the weights analysis (block III- 
19) and t h e  OEW as s i z e d  by the  c ru i se  performance analysis (block 
111-3) and to  determine whether t he  d i f f e rence  between the OEW% 
is within acceptable limits. I f  the difference is too great ,  the 
geometry module (block 111-2) w i l l  be required t o  r e s i z e  the 
configuration. The required changes are man-controlled i n  the 
s t ruc ture  s iz ing  par t  of level 111, 
G o a l  2: To compare the available forward and aft center-of- 
grav i ty  limits, as determined by the s t a b i l i t y  and control  
analysis (block 111-18) and the  required forward and a f t  c e n t e r -  
of-gravity balance and loadabi l i ty  limits, as determined by the 
weights analysis (block 111-19) - If the d i f fe rence  between t h e  
required and avai lable  center-of-gravi ty  limits is too grea t ,  the  
geometry module (block 111-2) w i l l  be required t o  r e s i z e  t h e  
empennage. I f  the OEW c , g -  posi t ion does no t  r e su l t  i n  accep tab le  
airplane balance,  the geometry module (block 111-2) w i l l  be 
required to adjus t  the pos i t ion  of such items as t h e  wing and gear  
r e l a t i v e  to the body- The required changes are man-controlled i n  
the s t ruc ture  s iz ing  part of level 111- 
Block 111-22- C h a n q e  Stiffness?--Goal: Man in t e rven t ion   i n   t he  
ana lys i s  process to determine the e f f e c t s  of an a r b i t r a r y  change 
i n   a f t  body s t i f f n e s s  (e-g., a horizontal  t a i l  configuration.) 
An increase in a f t  body s t i f f n e s s  is made to  t h e  s t ruc tu ra l  
m a t r i x .  The recycle through blocks 111-14 to 111-21 w i l l  s h o w  the 
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trade for the improved airplane longi tudina l  cont ro l  and s t a b i l i t y  
cha rac t e r i s t i c s  compared w i t h  the change in weight and balance, 
Block- 111-23, Equations- of. Mot&m--Flutter Option"Goa1: 
Formulate the equations of motion for f l u t t e r  a n a l y s i s  of the 
in i t ia l  s t ructural  s ized configurat ions.  
Equations of motion f o r   t l u t t e r   a n a l y s i s  of t h e   i n i t i a l  
s t ruc tura l  s ized  conf igura t ions  w i l l  be formulated (from 
Lagrangems equation) as a second-order system of ordinary 
d i f fe ren t ia l  equat ions  wi th  the generalized mass and s t i f f n e s s  
matrices (block EM-5) and generalized-forces matrices (block EM-8) 
as coef f ic ien t  matrices, 
Each configuration w i l l  be divided into small  regions of 
substxuc-ures- The sys tem s t i f fness  and m a s s  matrices will be 
derived f r o m  those of substructures  using a scale-merge-reduce 
operation  (block SPL-21)- Subs t ruc ture  s t i f fness  and mass 
matrices w i l l  be  calculated using f ini te  e lement  methods. Three- 
dimensional  l i f t ing surface theory w i l l  be used t o  calculate 
generalized-force matrices for both subsonic and supersonic flows- 
Vibration modes ca lcu la ted  from block E"5 w i l l  be used as 
generalized coordinates- Programs t o  be used are  presented in  t h e  
descr ip t ions  of blocks EM-3, E"8, and EM-9, 
Block 1I1-2p I Flu t t e r  Analysis"Goa1: Conduct f lu t t e r  eva lua t ion  
of the i n i t i a l  structure sized configuration. 
A s impl i f ied  pre l iminary  f lu t te r  ana lys i s  of t h e   i n i t i a l  
s t ructural-s ized configurat ion w i l l  be performed. The f l u t t e r  
equations w i l l  be solved by either the t r a d i t i o n a l  v-g method 
( S F L - l O ) ,  the c l a s s i c  B r i t i s h  method (SFL-11) , or an automated 
scheme [sa-121 - F l u t t e r  results w l l l  be hand-interpreted or 
monitored on an interactive display by a f l u t t e r   a n a l y s t  when 
using programs SF%-10 or SFL-11, H o w e v e r ,  us ing the program SFL- 
1 2 ,  f l u t t e r  r e s u l t s  are calculated automatical ly .  Flut ter  
s e n s i t i v i t i e s   w i t h   r e s p e c t   t o   t h e  placement of engines and 
ex terna l  stores and t o  the f u e l  d i s t r i b u t i o n s  w i l l  be presented. 
Block 111--25." Flu t t e r  Criteria M e t ? - - G o a l :  Determine whether t he  
f l u t t e r  cri teria have been sa t i s f i ed .  
This decision is manual- I f  f l u t t e r  de f i c i ency  ex i s t s ,  
improvements w i l l  be made by changing g e o m e t r y ,  s t r u c t u r a l  
arrangement,  st iffness,  or mass. 
Blo.cJc .  II1-26- Proposed Fix--Goal: To detennine  changes of 
configuration geometry, m a s s ,  stif mess and structural   arrangement 
for f lu t te r  c learance .  
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The c r i t i c a l   f l u t t e r   c o n d i t i o n s   i d e n t i f i e d  i n  block 111-24 
w i l l  be analyzed t o  a p p r a i s e   f l u t t e r  m e c h a n i s m  using an energy 
display approach #SF%-13) - Parametric f l u t t e r  t r e n d  s t u d i e s  on 
st i f fness  changes and mass changes for each geometry change (if 
any) coupled w i t h  any structural  arrangement change w i l l  be 
conducted to  determine how t he   f l u t t e r   de f i c i enc ie s   shou ld  be 
removed. When a portion of the s t r u c t u r e  is to  be changed, t h e  
mass and  s t i f fness  matrices of only those substructures affected 
by t h e  change are recalculated and remerged with the unchanged 
substructures (Sa-21) - These t rend  s tudies  a re  performed through 
blocks 111-23, -24, -25, and -26- This loop is terminated when 
the desired f lu t t e r  c l ea rances  are achieved- 
Block 111-27- Geometry Chanqe?--Goal: Determine  whether a 
configuration geometry change 1s required for f lu t t e r   c l ea rance -  
T h i s  decision is manual. Geometry changes in t e r m s  of 
modifications to exis t ing  main l i f t i n g  s u r f a c e s  a r e  to be 
considered, I f  geometry  changes a r e  required to  clear f l u t t e r ,  
the design flow w i l l  go back t o  t h e   s t a r t  of level 111- 
Block 111-28- C3anqe Structural  Arranqement?”Goal:  Determine 
whether a structural  arrangement change is required for f l u t t e r  
clearance I 
This decision is manual, Structural arrangement changes w i l l  
be considered here a s  a preliminary study of the e f f e c t  of t h e  
structural  design concept on f l u t t e r -  
Block 111-29- Chanqe Stiffness?--Goal:  Determine  whether 
s t r u c t u r a l  s t i f f n e s s  change should be made for f lu t te r  c learance .  
This  decision is manual. I f  the stiffness increase 
( ident i f ied  i n  block 111-26) over t he  s t r eng th  and fa t igue s iz ing 
is to  be made to  clear f l u t t e r ,  the r equ i r ed  s t i f fnes s  will be 
provided for block 111-30. I f  the answer to t h e  question is no, 
block 111-31 w i l l  be executed and any mass change for f l u t t e r  
clearance w i l l  be input.  
Block 111-30, U p d a t e  Structural   Sizinq ”Goal: Tb i den t i fy  
flutter-prescribed resizing for updating t h e  primary structure 
weight and e s t a b l i s h  minimum s i ze  cons t r a in t s  fo r  a l l  fur ther  
s t rength  and f a t igue   des ign   ac t iv i t i e s ,  
I f  a s t i f fness  ( s iz ing)  increase  over  the s t rength  and 
fa t igue  s iz ing  is required to m e e t  the f l u t t e r   c r i t e r i a ,  the 
s iz ing required is iden t i f i ed  and updated, For a l l  sk in  and w e b  
gage increases,  the s t i f f en ing  ma te r i a l  is inc reased  i f  required. 
Flut ter-prescr ibed s iz ing w i l l  be considered t o  be minimum s i z e  
cons t ra in ts  in all fur ther  s t rength  and f a t i g u e  s i z i n g  a c t i v i t i e s -  
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Block 111-31, Update We-iqhgs, Balance, and  Loadability-Goal: To 
ca lcu la te  t y p c B  weiyht, balance, and loadabi l i ty  for  t h e  
configuration which has been sized for strength,  fatigue,  and 
flutter.  This involves technical program elements that: 
Execute weights update control (WTS-15) t h a t  would re-execute 
only those portions of the weights technical program elements 
whose input had changed 
Update w i n g  primary structure mass elements based on stress- 
sized skin/stringer material  (WTS-21) 
Update body/empennage primary s t ruc tu re  mass elements based 
on stress-sized skin/stringer material  (WTS-21) 
U p d a t e  wing secondary structure mass elements (WTS-7) 
Update body/empennage secondary s t ruc tu re  mass elements (WTS- 
8 )  
Update f u e l  mass elements (WTS-11) 
Accumulate m a s s  elements within each structural panel and t h e  
calculate weight,  center of gravity,  and i n e r t i a  f o r  each 
s t ruc tura l  pane l  and f o r  t h e  w i n g ,  body, and empennage (ms- 
1 2 )  
Generate a weight statement patterned after the AN 9102-D 
format based on the previously updated mass elements (WTS-13) 
Calculate total a i rp lane  mass propert ies  for various points 
on the balance diagram and determine updated panel mass 
propert ies  for recycling through t h e  s G c t u r a 1  a n a l y s e s  
(WTS-14) 
- Block 111-32, Calculate Noise"Goa1: T h i s  a c t i v i t y  w i l l  provide 
noise  footpr ints  in t h e   v i c i n i t y  of t he  a i rpo r t  and the sonic  boom 
overpressure  during.  cruise 
Noise foo tp r in t s  w i l l  be calculated by t h e  noise prediction 
module (PNZ-1)- The foo tp r in t s  w i l l  provide  perceived noise l eve l  
contours along the fl ight path for both takeoff and approach, 
These contours predict the maximum perceived noise levels on the 
ground- 
The sonic boom overpressures w i l l  be c a l c u l a t e d   a t  required 
points  a long the f l ight  path,  These overpressures may require  
modification to the f l i g h t  p r o f i l e ,  The process of ca lcu la t ing  
the overpressure is presented in f igure  6 7 -  The first a c t i v i t y  is 
to input the intended atmospheric model into module ARO-14- This 
275 
SUPERSONIC A/C (c0nt.d.) 
w i l l  determine the propagation characterist ics  of sonic booms i n  
the model atmosphere and w i l l  provide tables of scal ing factors  
and aging constants for module ARO-13. This branch need be 
executed only when a new atmosphere model is to be used- 
The sonic boom calculation is determined by volume and l i f t  
effects, Module ARO-9 determines the volume inputs and rmdule 
ARO-10 determines the lift inputs to module ARO-13, which will 
produce pressure signatures and boom width information, 
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Block 111-33, Summarize Performance,  Finance, C o s t ,  and M a r k s  
Sui tabi l i tv--At  this  point,  the design s iz ing of level 111 w i l l  
have been completed, It w i l l  be useful t o  collect t h e  most recent  
technical information about the configuration and summarize the  
performance and cost, F r o m  there,  t h e  market s u i t a b i l i t y  w i l l  be 
investigated.  The performance summary w i l l  be done by PRF-5, 
finance and cost consideration by FNC-1. and t h e  market 
s u i t a b i l i t y  by MKT-4, -5, and -6. 
Utilization, maintenance, and d i s p a t c h  r e l i a b i l i t y  w i l l  be 
assessed.  Probable  route  structures,   aircraft  fleets, a i r p o r t  
f a c i l i t i e s ,  and operational and environmental factors are used by 
REL-1 and -4. Additional Inputs t o  these are ground service 
equipment and a i rp lane  in te rac t ions  as w e l l  a s  maintenance t i m e  
data  produced by REL-6 to -13 and -15 to -40, Also included is a 
determinat ion  of   the  capabi l i ty  t o  change an engine within a time 
interval compatible with the planned u t i l i z a t i o n .  This is a 
manual review, 
Block 111-34. Confiquration  Acceptable"Goa1: Man decision based 
on a r e v i e w  of t h e   e f f e c t s  ot the primary structure definit ion on 
the performance, mise levels, cost, and market s u i t a b i l i t y  of t h e  
f ina l  a i rp lane  conf igura t ion  ana lyzed  in  level 111. Blocks III-32 
and 111-33 provide data  for  this review, 
Block 111-35- Modify Confiquration or Mission--There a r e  two 
options from a negative result in block 111-34. The designer may 
elect t o  retain the design mission and criteria and re turn  to  the 
beginning of level 111 t o  res ize ,  us ing  d i f fe ren t  s iz ing  rules, or 
the designer may re turn  the  design sequence to l e v e l  I1 to 
evaluate the effects of an alternate design mission. 
6-3-3.4 Level IV: Confiquration  Refinement 
The goal of l eve l  I V  is to r e f i n e  a configuration by applying 
more advanced ana lys i s  methods to  the design, Competing 
configurations may be evaluated based on level I1 and level 111 
data provided tha t  su f f i c i en t  conf igu ra t ion  s imi l a r i t y  ex i s t s  t o  
insure  tha t  cons is ten t  analysis techniques have been used- 
Therefore, only the best  configurat ion of each type w i l l  be 
selected for configuration refinement i n  level N, (See figures 
51 through 57 for level I V  d e t a i l  networks.) 
Block IV-1. Develop Level I V  Inputs--The des ign  and analysis  
a c t i v i t i e s  of l e v e l  I11 have enrlched the data base about the 
configuration, These new data,  as well a s  c r i t e r i a  and 
constraints  from l e v e l  11, w i l l  be p u t   i n t o  forms s u i t a b l e  for t h e  
level IV analys is  methods. This action w i l l  be supported 
primarily by the data base manager, Additionally,  user inputs and 
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information from the   da t a  base not  previously  required will be 
es tab l i shed ,  This  ac t iv i ty  is shown symbolically a t  t h e  head of 
level IV, but due t o  the in te rac t ive  na ture  of  leve l  IV, the  data  
prepara t ion   ac t iv i ty  may be done select ively throughout  level  IV. 
Block. IV-2~. Sui table  SEC Wind Tunnel Data Available-Goal: 
Determine a v a i l a b i l i t y  of s t a b i l i t y  and cont ro l  aerodynamic data 
adequate t o  build a da ta  base for  analyses ,  In par t i cu la r  
de te rmine   ava i lab i l i ty  of high angle of a t t ack  wind tunnel  data 
e s s e n t i a l  f o r  a c c u r a t e  t a i l  s i z i n g -  
T h i s  is i n i t i a l l y  a man dec is ion  to  search  ava i lab le  da ta  
files. I n  time this decis ion can be made by t h e  computer when a 
comprehensive SST d a t a  l i b r a r y  e x i s t s .  The importance of hiyh 
angle of a t t a c k  d a t a  f o r  h o r i z o n t a l  t a i l  s i z i n g  is based on Boeing 
experience i n  SST design- 
Block- IV.-.3, Stab_ili.ty wd. Control Wind Tunnel Data"Goa1: Wind 
tunnel data on a configuration similar to the design under study 
is required to  enable an assessment to be made of subsonic speed 
pitch requirements and the s iz ing  of the longi tudinal  control  
surfaces. High angle of a t tack  wind tunnel  data  a t  subsonic  
speeds are particularly necessary,  based on Boeing experience, 
since theore t ica l  p red ic t ions  are not  accurate  a t  the present  
t i m e  
Obvious sources of data  w i l l  be sought from NASA and industry 
wind tunnel tests- Actual wind tunne l  t e s t ing  may be undertaken 
using existing wind tunnel models s imi la r  to  the design 
configuration . 
Block- JV-pc. Stabi l igy  and_ Control Data Preparation"Goa1: 
Analysis of the configuration s ized  i n   l e v e l  111 and modified by 
wind tunnel data i n  block IV-2 and IV-3 t o  provide a data bank of 
pre l iminary  s tab i l i ty  and control  static and dynamic aerodynamics- 
D a t a  w i l l  b e  ava i l ab le  fo r  fu tu re  f l i gh t  control system and 
s t a b i l i t y  and control  analyses-  
Data preparation is performed i n  t w o  separate  technical  
program elements,  each consisting of two func t iona l  par t s -  SEC-21 
ca lcu la tes  bas ic  longi tudina l  static aerodynamic s t a b i l i t y  
der ivat ives  and cont ro l  e f fec ts  us ing  aerodynamic estimates, 
autanated where p rac t i ca l ,  w i t h  aeroe las t ic  cor rec t ions  from level 
I11 analyses (blocks 111-14, -16, and -26) - Program SEC-22 uses 
the  da ta  of SEC-21 and estimates the longi tudinal  dynamic 
der ivat ives .  The t o t a l  o u t p u t  of SEC-21 and -22 is now avai lab le  
(along with mass and ine r t i a  cha rac t e r i s t i c s )  to have dynamic and 
control analyses performed. The l a t e r a l  and direct ional  axes  are 
studied separately from the longi tudinal  axis ;  SEC-23 computes the 
s t a t i c  de r iva t ives ,  SEC-24 the dynamic der ivat ives .  The t o t a l  
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output of both programs is now available (along with mass and 
inertia charac te r i s t ics )  t o  have dynamic and control analyses 
performed. Al program elements have optional inputs: 
a) Aerodynamic estimating  subroutine can be  bypassed by 
input t ing  ac tua l  wind tunnel data,  
b) Aeroelastic data can be changed or modified a t  any s tage  
f r o m  i n i t i a l  estimates t o  current configuration 
calculated  values - 
Block IV-5-  Fliqht Control System Synthesis E Analysis,‘ 
R i q i d  Body Modes and QSE”Goa1: F l igh t  cont ro l  s y s t e m  gains 
and compensation filters are selected- The f l i g h t  c o n t r o l  system 
design is necessary t o  provide required airplane handling 
q u a l i t i e s -  Components of t h e  f l i g h t  control system are sized for 
weight considerations, 
The f l i gh t   con t ro l  system work for an  SST is similar to but 
more critical than the corresponding work on a subsonic transport. 
F lex ib i l i t y  and dynamic pressures are more s ign i f i can t  for an SST 
than f o r  a subsonic. The greater range of the f l i g h t  envelope 
(subsonic, transonic, and supersonic) requires an involved gain 
scheduler. An SST generally relies more heavi ly  upon a s t a b i l i t y  
augmentation system than would a subsonic transport .  However, the 
same computational m e t h o d s  may be used for either project, 
Optimal control theory (FCS-3, FCS-6, and FCS-7) is  used t o  
automate the parameter sizing process for each f l igh t  condi t ion-  
The generalized inverse technique (FCS-4 o r  FCS-5) is used t o  
force parameter compromises necessary for sa t i s fy ing  t h e  f l i g h t  
control system over the e n t i r e  t l ight  envelope- The resu l t ing  
control system is analyzed for s t a b i l i t y  margins by use  of 
classical l inear  controls  analysis  techniques (root locus, Baud, 
etc,, FCS-1 or FCS-2) . The preceding programs (FCS-1 and FCS-2) 
perform dynamic response checks t o  evaluate t h e  compliance w i t h  
a i rp lane  handl ing  qua l i t i es  criteria. Revisions t o  the f l i g h t  
control system design may be mandated by t h e   s t a b i l i t y  and control 
analysis  block IV-.6 and the piloted simulator study of block IV-7.. 
Another computer  program  development (FCS-121 is required t o  
s i ze  f l i gh t  con t ro l  sys t em hardware for a weights assessment. 
The equations of motion for t h i s  level consis t  of r i g i d  body 
modes w i t h  static aeroelastic corrections (FCS-11) instead of the 
more cos t ly  elastic m o d e  representation. The gains and 
compensation would b= tempered t o  a n t i c i p a t e   e l a s t i c  mode 
problems - 
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The en t i re  f l igh t  cont ro l  sys tem synthes is  process  is 
automatic a t  this design level, However, a knowledgeable user is 
r q i r e d  to intervene i f  problems develop during on-line 
operation . 
Block- IV-6. Stabili ty E Control Analysis: Static and 
XWnamic”Goa1: Airplane analyses made t o  e s t ab l i sh  r e s i z ing  
of control surfaces and s t ab i l i z ing  su r faces  fo r  s a t i s f ac to ry  
hand l ing  qua l i t i e s .  S t ab i l i t y  and control  aerodynamic data from 
block IV-4 is used in conjunct ion with the current  f l ight  control  
system analyzed in block IV-5. A d ig i t a l  ana lys i s  measures the 
a i rp lane  dynamic response and control response character is t ics ,  
Flight simulation i s  undertaken in IV-7 to e s t a b l i s h   p i l o t w s  
r a t i n g s  and correlat ion with handl ing qual i t ies  criteria. Single 
analyses check airplane control surface capabi l i ty  for spec i f ic  
requirements such as l o w  speed pitch control, d i rec t iona l  cont ro l  
f o r   e n g i n e   f a i l u r e  and la teral  oont ro l  for  roll response. 
The technical  program element (FCS-1) is used for the 
ai rplane response character is t ics  and con t ro l  e f f ec t s ,  M a n  
in tervent ion is required t o  analyze these resul ts  with the v i e w  of 
adjust ing the airplane geometry t o  provide improved handling 
q u a l i t i e s  - 
Technical program elements SEC-7,  -8, -9, -10 and -11 perform 
s p e c i f i c  tasks to  assess  control  surface capab i l i t y  fo r  t he  
following requirements: 
TASK REQUIREMENT 
Takeoff ro ta t ion  
Landing f l a r e  
pi tch control  for 
low-speed performance 
M i n i m u m  control  speed, ground d i r ec t iona l   con t ro l   fo r  
Minimum control speed, air 
R o l l  response criteria l a t e r a l   c o n t r o l  
low-speed performance 
Block IV-7 .  Piloted  Fliqht  SinnLlation“Goalr  Simulation  of the 
a i rp lane  f ly ing  qualities t o  establish f e a s i b i l i t y  of control 
surface and empennage s i z ing  of l e v e l  111 and checked by t h e  
dynamic analyses of block IV-6 ,  
The computerized p i lo t  eva lua t ion  is contained i n  t h e  
technical  program element SEC-18. The actual  pi loted s imulat ion 
is described by SEC-19, These programs w i l l  use t h e  b a s i c  
a i rp l ane   cha rac t e r i s t i c s  from block IV-4 and t h e   f l i g h t   c o n t r o l  
system synthesized in block IV-5- The response of the airplane 
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due to  umtrol inputs, gusts, and f a i l u r e s  will be measured and 
rated by the simulation aga ins t   es tab l i shed  criteria. 
Block IV-8, U p d a t e  Weishts (Type B ) " G o a l :  To update  the  weights 
based on m i n o r  changes to the   conf igu ra t ion   i n   o rde r  t o  achieve 
accep tab le  s t ab i l i t y  and control.  These changes are of a minor 
nature in t h a t  they do not r e s u l t   i n  a geometry change that would 
a f f e c t  the ent i re  des ign;  ins tead  they  would primarily a f f e c t  the 
weight- An example might be to change f r o m  a single-hinged rudder 
to a double-hinged rudder, 
To account for t hese  changes, the following weights technica l  
program elements would be used: 
For purposes of increasing the accuracy and decreasing the 
computational t i m e  required to  perform the weights analysis,  
it would be des i rab le  t o  develop a w e i g h t s  t echnica l  program 
element (WTS-15) w h i c h  would re-execute only those portions 
of the weights programs whose input  had changed. 
Update of the w i n g  secondary structure mass elements (WTS-7) 
Update of t h e  body/empennage secondary s t ructure  mass 
elements  (WTS-8) 
Update of the fixed equipment mass elements (WTS-10) 
Generation of a weight statement patterned after the AN 9102- 
D format based on the previously calculated mass elements 
( W T S  -13) 
B l o c k  1V-9, G e o m e t r y  Chanqe?--Godl: Determine whether a change 
i n  f l i s h t  cont ro l  surface or tail s tab i l i z inu  su r face  s i z e .  
locat ion,  or def lec t ion  is required- 
J 
This decision is manual; therefore, human judgment w i l l  be 
required- Trades of improved s t ab i l i t y  or control  t o  meet 
handl ing  qua l i t i es  criteria i n  block IV-10 will decide if l a rge  or  
small geometry changes are necessary. 
B l o c k  IV-10, SEC Acceptable--Goal: Determine whether the 
s t a b i l i t y  and cont ro l  handl ing  qua l i t i es  of- block IV-6 and IV-7 
are adequate and establish configuration changes t o  make t rades  i f  
required. 
This decision is manual and human judgment w i l l  be exercised 
i n  the i n t e rp re t a t ion  of handling qualities cri teria,  
Configuration trades established in block IV-7 will he lp  make t h i s  
decision, 
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Block IV-11. S t a r t  Wind Tunnel Model?--Goal: Decision t o  be made 
about  s tar t ing the design of a cruise shape wind tunnel m o d e l  for 
t e s t i n g   i n  Level V-' 
This is a man decision influenced by confidence gained i n   t h e  
aerodynamic and s t a b i l i t y  and control design analyses performed i n  
blocks 1x1-3, 111-33, and IV-6. Wind tunnel model construction . 
requires up to  three months design lead time; hence, an 
intel l igent   decis ion  can  shorten  the t i m e  to develop a 
conf igura t ion  des ign  in  leve l  V, This decision is considered each 
t i m e  t h i s  po in t  in the network is passed, 
Block IV-12. Size  Actuators"Goa1:  Airplane  weight estimates 
made i n  level I11 include statist ical  weights for the f l i g h t  
control actuation system, Actuators and hydraulic power 
requirements  are  s ized individual ly  in  level IV on a preliminary 
basis using theoretical  aerodynamic hinge moments to improve the 
airplane weight estimation and provide information for hydraulic 
poer requirements, r e l i a b i l i t y  and redundancy ana lys i s ,  f l igh t  
control system synthesis and a n a l y s i s ,  f l u t t e r ,  and physical space 
requirements, 
Rigid control surface hinge moment coe f f i c i en t s  for a l l  
control  surfaces  are est imated ei ther  from theory o r  from p a s t  
experimental data and corrected by estimated ae roe la s t i c  e f f ec t s ,  
Technical program elements SEC-15 and -16 perform t h e  
computations, FCS-17 provides hydraulic system requirements for 
redundancy and r e l i a b i l i t y  
Block IV-13, Actuator Chanqe Siqnif icant--Goal: U p d a t e  t h e  
description of the f l igh t  cont ro l  ac tua t ion  used i n  the f l i g h t  
control  system synthesis  and ana lys i s  i n  block IV-5 and p i lo ted  
f l igh t  s imula t ion  in  block IV-7,  
This change is manual and human judgment w i l l  be exercised i n  
deciding the need t o  update  the  s tab i l i ty  and control  and f l i g h t  
control system analyses. 
Block IV-14, R e l i a b i l i t y  and Redundancy Analysis" 
Goal (1): To e s t a b l i s h  t h e  r e l i a b i l i t y  and redundancy of the 
aircraft and its systems- 
The f l ight  control  system 1s examined by FCS-17- Previously 
assumed levels of redundancy are compared wi th  se lec ted  c r i te r ia  
to  assure that selected control systems and supporting systems are 
adequate I 
G o a l  ( 2 ) :  To establish safety requirements and allocations,  - 
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Ground and f l i g h t   s a f e t y  m u s t  be considered in design and 
evaluation. Inf l i g h t  safety is a function of t h e  man/machine 
performing in the overall operational environment, Requirements 
and a l l o c a t i o n s   f o r   i n f l i g h t   s a f e t y  are developed f r o m  h i s t o r i c a l  
data  and  the  projected design mission pro f i l e .  
Ground safe ty  is af fec ted  by the aerospace vehicle itself and 
its operat ion and interface w i t h  ground operations equipment, 
personnel, and f a c i l i t i e s -  S a f e t y  a l l o c a t i o n s  and requirements 
evolve from consideration of these f a c t o r s  and from h i s t o r i c a l  
s a fe ty  problems in r e l a t i o n  to  the projected ground operations. 
Development of safety design requirements and a l loca t ions  is 
a manual function. 
Goal (3) : To e s t a b l i s h  r e l i a b i l i t y  and maintainabili ty 
requirements and al locat ions.  
Both i n f l i g h t  and d i s p a t c h   r e l i a b i l i t y  must be considered i n  
des ign  eva lua t ion -  In f l igh t  r e l i ab i l i t y  i s  mainly a function of 
i n h e r e n t  r e l i a b i l i t y  of the airplane equipment- Requirements and 
a l loca t ions  for  i n f l i g h t  reliability a r e  developed from h i s t o r i c a l  
da ta  and the  projected  design  mission  profile.  
D i spa tch   r e l i ab i l i t y  is affected by avai lable  ground time, 
capabi l i ty  to defer and perform maintenance required t o  dispatch 
i n  the  t i m e  avai lable ,  and the inherent reliability of the  
aerospace system equipment. Both r e l i a b i l i t y  and maintainabili ty 
requirements and allocations evolve f r o m  consideration of these 
factors and h i s to ry  i n  r e l a t i o n  t o  the projected design mission 
p r o f i l e  - 
Development of r e l i a b i l i t y  and maintainabili ty desiyn 
requirements and a i loca t ions  is a manual function, supported by 
REL-6 t o  -13, REL-15 t o  -40, and HEL-42. 
Goal (4) : To evalua te  fa i lure  m o d e  e f f e c t s  and determine 
needed correct ive.gct ion.  This  analysis  focuses on r e l i a b i l i t y ,  
maintainabili ty,  and sa fe ty  problems and serves as a s t a r t i n g  
p o i n t  for quan t i t a t ive   sys t em  r e l i ab i l i t y  and safety analyses. 
The e f f ec t  of f a i l u r e  of a l l  ident i f ied  func t ions  and 
components is determined within t h e  system f o r  each f a l l u r e  mode. 
Means of recogniz ing  the  fa i lure  and compensatory provisions and 
procedures are ident i f ied ,  Order of probabi l i ty  of occurrence of 
the event  is assessed- 
Performance of the f a i l u r e  mode e f f ec t  ana lys i s  is manual- 
Output is a tabulat ion by function or component of f ac to r s  
associated with its f a i l u r e  modes. 
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G o a l  (5) : To ident i fy  fau l t  hazards  assoc ia ted  wi th  
operation of the system and their  safeguards-  
A faul t  hazard analysis  is a tabula t ion  of  a l l  hazards  
iden t i f i ed  w i t h  operation of the system through each phase of 
operation,  Function, component, opera tor   fa i lures ,  and 
combinations of fa i lures  causing the hazard are ident i f ied ,  Order 
of probabi l i ty  far each combination is assessed- Compensatory 
provisions and procedures are ident i f ied ,  
Performance of the f a u l t  hazard analysis is manual. Output 
is a tabula t ion  by hazard of factors associated with i ts  
occurrence, The analysis  is supported by R E Z - 6  to  -13, REZ-15, t o  
-40, and REL-42. 
Goal ( 6 ) :  To assess r e l a t i v e  merits of t h e  f l i g h t  c o n t r o l  
system design trade studies and t o  assess the overa l l  system from 
the s tandpoint  of safe ty  and r e l i a b i l i t y ,  
Fl ight  safety and redundancy s tudies  of the  f l i gh t  con t ro l  
system in  a l l   f l i g h t  phases and design conditions are studied, 
Faul t  tree (REL-5) analys is  is used f o r  overall a i r p l a n e  f l i g h t  
safety assessment of the control system- 
Redundancy s tud ie s  wi th in  the  f l i gh t  c o n t r o l  subsystems a r e  
performed w i t h  the COBRA (REL-3), the ARMM (REL-2) a d  <3TS(REL-14 
and -41) programs. 
Block- IV-1~5, FCS C r i t e r i a  Met?”Goal:  Determine  whether the 
f l i gh t  con t ro l  system criteria have been s a t i s f i e d ,  
This  decision is manual, and human judgment may be exercised 
i n  t h e  in te rpre ta t ion  of the c r i t e r i a ,  I f  de f in i t e  con t ro l  system 
d i f f i c u l t i e s   a r e   p r e s e n t   i n  the design, t h e  IPAD process is 
stopped and a review is held. 
Block IV-16. Technical R e v i e w  t o  Determine Action”Goa1: 
Determine required action: further control system refinements, 
modification of criteria, modification of airplane,  or 
modification of f l i g h t  envelope , 
These decisions w i l l  generally be a comittee function 
outs ide of t h e  IPAD system. 
Block IV-17-  U p d a t e  Propulsian System Desiqn“Goa1:  Update a l l  
propulsion system data to show the e f f e c t s  of the propulsion 
ins ta l la t ion  ana lys i s  (b lock  IV-17a) , 
A l l  propulsion and noise data will be updated to concur w i t h  
the current propulsion system configuration per block IV-17a. 
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Block IV-17a. Propuls ion  Instal la t ion Analysis--Goal:  Analyze 
and r e f i n e   t h e  installed propulsion system in a parallel e f f o r t  to 
t h e  IPAD mainstream- 
A l l  propulsion and noise  d isc ip l ines  w i l l  be involved in t h e  
ana lys i s  and refinement of the  instal led propuls ion system. This 
e f f o r t  w i l l  involve such areas as inlets, nozzles, and thrust 
reversers; acoustic treatment;  airbleed and horsepower ex t rac t ion  
requirements; and accessory equipment; as w e l l  as the bare engine 
components (compressor, tu rb ine ,  etc-) . The e f f o r t  may require  
the use of propulsion and noise m o d u l e s  PRO-1, -2, -3, -4, -5, and 
-6 and PNZ-1 
Block IV-18. In s t a l l ed  Thrust/SFC Chanqe Siqni f icant?  - -Goa l :  To 
evaluate  the change in the i n s t a l l e d  t h r u s t  or spec i f i c  fue l  . 
consumption. 
The performance and s iz ing  ca lcu la t ions  of level 111 assumed 
an ins ta l la t ion  penal ty  t o  th rus t  and SFC based on historical or 
empirical values. While the l eve l  I11 and level IV analyses were 
conducted, outside activity has been carried out to establish by 
analys is  and tests more accurate  values f o r   t h e   i n s t a l l e d   t h r u s t  
and SFC- I f  these values are s ign i f i can t ly  d i f f e ren t  than the 
ones assumed i n  the s iz ing  activit ies,  the design must be returned 
to  level I11 to be resized. 
Block IV-19.  Size  Fuel Manaqement System"Goa1: To calculate the  
f u e l   t r a n s f e r   r a t e   r e q u i r e d  by the  f u e l  management system t o  
manage the travel of the airplane center  of gravi ty-  
Before the f u e l  management system can be sized,  module PRF-2 
w i l l  calculate the decelerat ion of the a i rp lane  due to  cr i t ical  
engine  fa i lure-  The appropriate drag modules (ARO-5, -6, -7, and 
-9 t o  -12) , t h r u s t  modules (PRO-3 t o  -6) , and weight and balance 
modules (WTS-7 t o  -15, and -26) w i l l  support this calculat ion.  
From th is ,  the required fue l  transfer r a t e  to correspond w i t h  t h e  
aerodynamic center of pressure movement can be determined- The 
f u e l  management system w i l l  be checked aga ins t  this f u e l   t r a n s f e r  
r a t e  and res ized  if necessary. 
Block IV-20, Requirements Exceed Limits?--Goal: To determine 
whether t h e   f u e l  transfer system is  within acceptable limits. 
The f u e l  system to  maintain critical travel of the center  of 
grav i ty  has been s ized  by block I V - 1 9 -  I f  the pump s i zes ,  power 
requirements ,  and fuel  l ine diameters are acceptable, the  design 
process w i l l  proceed- 
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Block IV-21, Technical R e v i e w  to  Determine  Action--Goal: To 
determine how t o  reconfigure a geometry w i t h  an excessive cri t ical  
engine-out  longitudinal  center-of  -gravity travel, 
I f  the f u e l  system t r a n s f e r  rate to match the  center-of - 
gravi ty  travel is excessive, this cons t i tu tes  a very ser ious 
configuration deficiency. A technical review is held to  assess  
the s i t u a t i o n  and recommend the configuration revision mst l i k e l y  
t o  so lve  the  problem, P a r t  of that  recanmendation will be 
ins t ruc t ions  as  t o  the  next  part of the design sequence t o  be 
executed . 
Block IV-22, Systems Desiqn--Goal (1) : To def ine system  concepts 
and s i z i n g  criteria i n   s u f f i c i e n t   d e t a i l  t o  insure that  design 
requirements are identified and to  provide sizing information for 
weight and balance estimating. 
F l igh t  Control System--Schematic diagrams are developed for each 
control system using data developed by FCS-12, -15, and -17 and 
ST”2,  -3, and -4 - C r i t i c a l  mechanical elements such as control  
mixers and feedback concepts are ldentified and design cr i ter ia  
are established, Actuator sizing and redundancy c r i t e r i a  a r e  
developed by network blocks IV-12 and IV-14,  and the  ac tua tors  are 
sized by FCS-15, 
Landing Gear--Schematic diagrams are developed fo r  the brake 
system and the s teer ing system. Sizing cr i ter ia  for  the brakes, 
wheels, tires, and s t ee r ing  are developed (STM-14, -15, and -18) - 
Hydraulics--A schematic diagram is developed f o r  the hydraulic 
system, Load ana lys i s  inputs  a re  used t o  determine fluid flow 
requirements,  establish distribution paths,  and s i z e  pumps.  Load 
balancing and component sizing trades are conducted (STM-2, -3, 
and -4)- Cri t ica l  hydraul ic  system i t e m s  a r e  i den t i f i ed  and 
design criteria establ ished-  
Auxiliary Power Unit (APU)--A load schedule is determined for 
s h a f t  paver and a i r  flow (STM-8) . Critical considerations such as 
capab i l i t y  fo r  i n f l i yh t  s tart ing  are iden t i f i ed  and design 
criteria are established, 
Environmental Control System (ECS) --Schematic diagrams are 
developed f o r   t h e  ECS s y s t e m  and the pneumatic control and 
d i s t r ibu t ion  system, Propulsion and APU in te r faces  are 
established, Load analysis  inputs  are used t o  determine 
requirements for heating and oooling cycles (STM-10, -11, and - 
12)- Critical  considerations such as temperature  pulldown 
capabi l i ty  on a hot day are iden t i f i ed  and design criteria 
established- 
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Electrical Power System--A schematic diagram is developed f o r   t h e  
e l e c t r i c a l  power system- Load ana lys i s  inputs  a re  used  t o  
determine p o w e r  generation  requirements (STM-20). System 
arrangement  t rade s tudies  provide ini t ia l  opt imizat ion ot 
equipment re la t ionships  (STM-21) . Critical considerations such as 
loads which require source redundancy are evaluated and design 
c r i t e r i a   e s t ab l i shed ,  
Avionics--Mission p ro f i l e  da t a  is used to determine requirements 
f o r  avionic subsystems: navigat ion,  f l ight  instruments ,  
communication, weather r a d a r ,  u t i l i t y ,  and advisory equipment, 
E lec t r i ca l  and cooling  loads  are  determined (STM-13). C r i t i c a l  
considerations such as category I l Ia  landing capabi l i ty  and 
requirements for antenna locations are evaluated and design 
criteria established. 
Fuel System--Schematic diagrams are developed for  the fol lowing 
f u e l  subsystems: r e fue l ,  fue l  ven t  and surge, and engine fuel 
feed, F l o w  ra tes ,  re fue l  time, etc-, are used to e s t a b l i s h  l i n e  
s izes  (S!I"26, -27, - 2 8 ,  -29, and -30)- Cri t ica l   cons idera t ions  
such as pressure cons t r a in t s ,  va lve  f a i lu re  cases ,  wing 
def lect ions,  and quantity gauging requirements are identified and 
design cr i te r ia  es tab l i shed ,  
G o a l  ( 2 ) :  Comparative evaluation of design  trade  study 
configurations m d  assessment of configurations against  the 
r e l i ab i l i t y ,  ma in ta inab i l i t y  and safety requirements and 
a l loca t ions-  
Faul t  tree simulation (REL-5) , computerized Boolean 
r e l i a b i l i t y  a n a l y s i s  (REL-3). automatic reliabil i ty mathematical  
modeling (REL-2), and CTS (REL-14 and -41) are used for  s t u d i e s  at 
t h i s  level, Program se lec t ion  is dependent on problem and system 
complexity and comparative factors selected for evaluation. 
Block IV-23- Update  Weiqhts - Type B (Nonstructural) --Goal: To 
calculate updated mass proper t ies  for  the  nons t ruc tura l  items 
which have changed s ince  the analysis  which was made by block 111- 
19- The primary changes w i l l  be t o  the propulsion groups (block 
IV-17} ana the systems groups (block IV-22) - 
To accomplish th i s  ac t iv i ty  the  fo l lowing  t echn ica l  program 
elements are involved: 
For purposes of increasing the accuracy and decreasing the 
computational time required to perform the weights analysis,  
it would be desirable to  develop a weights technical program 
element (WTS-15) which would- re-execute only those portions 
of the weights programs whose input had changed, 
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Update of landing gear m a s s  elements (WTS-9) 
Update of nacel le  and strut, propulsion, fixed equipment, and 
standard and operat ional  m a s s  elements (WTS-10) 
Update of fue l  mass elements (WTS-11) 
Accumulation of mass elements within each structural  panel 
and the  ca lcu la t ion  of weight, center  of gravity,  and i n e r t i a  
for each s t ructural  panel  and f o r  t h e  wing, body, and 
empennage (WTS-12) 
Generation of a weight statement pa t te rned  af te r  the  AN 9102- 
D format based on the previously calculated mass elements 
(WTS-13) 
Calculation of to ta l  a i rp lane  mass propert ies  for  the various 
points on the balance diagram and the determination of 
updated panel m a s s  propert ies  for t he  s t ruc tu ra l  ana lys i s  i n  
blocks IV-20 and IV-21 (WTS-14) 
Block IV-24.  Entered a t  M ? - - T h i s  is a computer decision, A t  t h i s  
pos i t ion  in  the  des ign  cycle, r epe t i t i on  of blocks IV-26 through 
IV-63 is not required- 
Block- XV:25,_. Stabili ty Derivatives Chanqe Sisnificant?--Goal: 
Decision to repeat  the ana lys is  for  equations of motion, dynamic 
loads ,  s t ruc tura l  ana lys i s ,  s ta t ic  loads ,  weights  update ,  f lu t te r  
analysis ,  and f l igh t  cont ro l  sys tem i n  blocks IV-48 through I V - 6 4 ,  
T h i s  is a man decision based on the change i n  the s t a b i l i t y  
and c o n t r o l  derivatives,  evaluated in the data preparation block 
IV-4 ,  due t o  improved aeroelasec correct ions obtained during the 
first pass through l e v e l  I V ,  A s ign i f i can t  change i n  these 
f lex ib le  a i rp lane  der iva t ives  w i l l  necess i ta te  a recycle of the 
t a s k s  ident i f ied  above. 
Block IV-26.  A i r p l a n e  Static Inads--Goal: Calculation of load 
d i s t r ibu t ion  on the major airframe components r e su l t i ng  from 
design condi t ions (s ta t ic  and gust formulae) and a fatigue mission 
p r o f i l e  - 
S t a t i c  l o a d s  f o r  a supersonic configuration would he 
generated using a panel representation of the airplane,  The 
method used is based on .Woodward's l i f t i n g  s u r f a c e  method- Matrix 
methods are used to  solve simultaneous l i n e a r  equations for loads,  
deflections,  accelerations,  and s t a b i l i t y  d e r i v a t i v e s ,  The 
current  program (SO-4 )  computes u n i t  and balanced load solutions 
f o r  symmetric maneuvers of a r i g i d  or f l ex ib l e   a i rp l ane ,  
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Integrated panel loads along a user def ined  ax is  give shear, 
moment, and torsion - 
This program forms t h e  loads module within the ATLAS system 
("6) - 
Fl ight  condi t ion  da ta  would be input by a knowledgeable user. 
Any requirements for loads on secondary structure would be 
m e t  by hand ca lcu la t ions  based on data f r o m  a similar pas t  
configuration. 
Block IV-27, Determine Thermal Eff ects"Goa1: To predic t  the 
e f f e c t  of thermal heating on the a i r c r a f t  B s  primary structure, 
This estimation w i l l  be done by STR-15 for two missions, 
namely the intended design mission and the design mis s ion  w i t h  an 
emergency descent, The r e s u l t  of t h e  estimation w i l l  be the 
temperature history of the a i rc raf tas  pr imary  s t ruc ture-  
Block IV-28, Size  Structure for Strenqth and Fatique"Goa1: 
Preliminary detailed s i z i n g  of the pr imary s t ructure  for  s t rength 
and f a t igue  (fail-safe design) to  improve estimates of airframe 
s t ructural  weights  and elastic response characteristics, 
For the structural  arrangement and s t ructural  concepts  
defined i n  blocks 111-12 or 111-26, the s iz ing  es tab l i shed  in 
block 111-16, the  loads  ca lcu la ted  in  IV-26, and t h e  thermal 
e f f e c t s  from N-27, the  pr imary s t ructure  i s  sized for s t rength 
and f a t igue -  The s t r eng th  s i z ing  will be based on f i n i t e  element 
technology (e-g,, STR-6) . Approximately twice t h e  d e t a i l  02 the 
block 111-16 s i z ing  is envisaged for block W - 2 8 ,  Thus, the  model 
would have 600-1000 nodes w i t h  1500-2500 elements. Where 
applicable, elementary beam theory (STR-3, -4) would be applied 
for  de ta i led  s iz ing  cons is ten t  wi th  t h e  f i n i t e  element model 
d e t a i l .  The resu l tan t  s iz ing  could  be represented in t h e  model as 
an equivalent beam or as a distributed sec t ion  us ing  of fse t  
technology or general ized constraints .  Using generalized 
cons t ra in ts  would increase the  number of nodes s ign i f i can t ly  but 
would not necessar i ly  increase  the number of ac t ive  freedoms 
(unknowns) - The f in i te  e lement  m o a e l  is also the basis f o r  the 
f a t i g u e  s i z i n g  (STR-5) - 
Mater ia l  p roper t ies ,  s t ruc tura l  component allowables, f a t igue  
r e l i a b i l i t y  factors, and d e t a i l  fatigue r a t i n g s  for major 
component structures are obtained from the data base. 
Block IV-29, F l e x i b i l i t y  Chanqe Siqnificantf--Goal: A computer 
or man decision on the  s ignif icance of  the change i n   f l e x i b i l i t y .  
290 
SUPERSONIC A/C (cont’d,) 
Loads are calculated for  a given f l e x i b i l i t y ,  t h e  r e s u l t i n g  
strength-designed structure is sized, and a new f l e x i b i l i t y  
calculated-  If  t h e  change in f l e x i b i l i t y  is such t h a t  a 
s ignif icant  loads change would resu l t ,  the  loads  and s iz ing  
(blocks IV-26 and IV-28) are repeated, 
I f  t h e  change is n o t  s ign i f icant ,  the r e su l t i ng  structure is 
weighed (block IV-30) , 
Block IV-30,- -~ Updage- Primary Structure Weiqhts --Goal : To update 
the primary structure weight based on the refined skinlstringer 
material  sizes supplied by the stress analysis  in  block IV-28 and 
p r e s e n t   t h e   r e s u l t s   i n  the form of a weight statement i n  order 
t ha t   t he   s t ruc tu ra l   concep t s  can be evaluated. 
To accomplish th i s  ac t iv i ty  involves  technica l  program 
elements that: 
Execute the weights update control (WTS-15) t h a t  would re- 
execute only those portions of the weights technical program 
elements whose input  had changed 
Update wing primary structure mass elements based on stress- 
sized skin/stringer material  fwTS-21) 
Update bodylempennage primary s t r u c t u r e  m a s s  elements based 
on st ress-s ized skin/s t rmger  mater ia l  (WTS-21) 
Update wing secondary structure mass elements (WTS-18) 
Update body/empennage secondary structure mass elements (WTS- 
1 9 )  
Generate a weight statement patterned after t h e  AN 9102- 
format based on the previously updated mass elements (WTS-13) 
Block. IV-31- S t ruc tu ra l  Concepts Satisfactory?--Goal:  Provide 
for investigation of a l te rna te  s t ruc tura l  concepts  and 
arrangements * 
R e v i e w  the s t ructural  concepts  and arrangements identified in 
block 111-12 and s ized  in  b lock  IV-28 for  poss ib le  a reas  of 
improved efficiency. Should the design be judged adequate, work 
would commence a t  block IV-32- Should an improved design be 
required, it would be i d e n t i f i e d  in block IV-3la. 
T h i s  decision is manual and heavily influenced by judgment 
r e l a t i v e  to producibi l i ty  and r i sk ,  
Block IV-31a. Redefine Structural  Concept  and 
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Arranqements”Goa1: To opt imize s t ructural  concepts  and 
arrangements. 
Alternate s t ructural  concepts  and arrangements would be 
invest igated for those areas iden t i f i ed  as candidates for improved 
s t ruc tu ra l  e f f i c i ency  in block IV-31- Sizing for s t rength  and 
fatigue (block IV-28) of the  or ig ina l  concepts  and arrangements 
(block 111-12) has provided a base l ine  fo r  t r ade  s tud ie s  of 
possible a l te rna te   des igns  - 
Input data from DSA-1, -2 ,  -3, and -4 would be modified using 
the  in te rac t ive  des ign  tool of DSA-5, All of the considerat ions 
of block 111-12 w i l l  be involved i n  a process heavily influenced 
by manual judgment i n  the interact ive process .  STR-3, -4 and -5 
would provide s t ructural  s iz ing data  upon which t h i s  judgment 
would be based. The mdif ied concepts  and arrangements would then 
be  r e s i zed  in  block IV-28 to  provide a new basel ine a i r f rme 
s t ruc tu re  @SA-1, - 2 ,  -3, -4, and -5, and Dm-7 and -9) - 
Block IV-32. Update  Weiqht, balance and Loadabili ty (Wpe C) -- 
Goal: ’~XI calculate type C weight, balance, and loadability for 
the configurat ion which has been s i zed  fo r  s t r eng th  and katigue. 
The primary structure weights are h s e d  on s t ress-s ized 
skin/s t r inger  material- 
Most of t h e  technical program elements required t o  support 
t h i s   a c t i v i t y  were executed i n  blocks IV-23 and IV-30, . The 
addi t iona l  technica l  program elements required would be: 
Execution of weights update control (WTS-15) 
Update of fue l  mass elements (WTS-11) 
Accumulation of m a s s  elements within each structural  panel 
and the  ca lcu la t ion  of weight, center of grav i ty ,  and i n e r t i a  
for each s t ructural  panel  and f o r  t h e  wing, body, and 
empennage (WTS-12) 
Generation o€ .a weight statement patterned after the AN 9102- 
D format based on the previously updated mass elements (WTS- 
13) 
Update of total  a i rp lane  mass proper t ies  for  var ious  poin ts  
on the balance diagram and update of panel mass proper t ies  
fo r  r ecyc l ing  through the s t ruc tura l  ana lyses  (WTS-14) 
Block IV-33. Panel  Mass/Inertia Chanqe Siqnif icant?”Goal :   Since 
the loads analyses are s e n s i t i v e  t o  p a n e l  mass properties,  each 
time the weights analyses updates the panelrs mass, center  of 
grav i ty ,  and i n e r t i a ,  the e f f e c t  of these changes on the  loads  
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analyses should be examined. If the panel mass properties changes 
a re  s ign i f i can t ,  the loads and the  s t ructural  analyses  should be 
re-executed, 
Block IV'34-.- Loadability/OEW Criteria Met?--Goal (1): To compare 
the  OEW which is calculated by the w e i g h t s  analysis (block 33-31) 
and the   requi red  OEW a s   s i z e d  by t h e   c r u i s e  performance analysis 
(block 111-3) and to determine whether the  d i f fe rence  between the  
0EW.s is within acceptable limits- I f  the difference is too 
great ,  the geometry module (block 111-2) w i l l  be required t o  
r e s i z e  the configuration. The required changes are man-controlled 
i n  level IV. 
Goal (2) : To compare the avai lable  forward and a f t  c e n t e r -  
of-gravity limits a s  determined by t h e   s t a b i l i t y  and control  
analysis (block IV-6) and the requlred forward and a f t  center-of- 
gravity balance and l oadab i l i t y  lmits as determined by t h e  
'weights analysis (block IV-32). I f  t h e  difference between the  
required and available center-of-gravity limits is too great ,  the 
geometry module (block 111-2) w i l l  be requi red  to  res ize  the 
empermaye- I f  t he  OEW cg posi t ion does n o t  r e s u l t  in acceptable 
airplane balance,  t h e  geometry module (block 111-2) w i l l  be 
required t o  ad jus t  the  pos i t ion  of such items a s  t h e  wing and gear 
r e l a t i v e  to the  body- The required changes are man controlled i n  
l e v e l  IV, 
Block IV-35, Equation of Motion - F l u t t e r  Option--Goal: 
Formulate equations of motion for f l u t t e r  a n a l y s i s  of refined 
configurations.  
Act ivi ty  here is bas ica l ly  the same as design network block 
111-23. However, more ref ined stiffness, mass and vibration 
information w i l l  be avai lab le  as input ,  
B1oc)E IV-36. _Proposed Flutter Suppression System--Goal: A 
f lu t t e r  suppres s ion  con t ro l  system is synthesized for the purpose 
of i n c r e a s i n g  t h e  f l u t t e r  speed. 
" ~ 
The procedure for select ing gains  and f i l t e r s  is similar t o  
the procedure described in block IV-5- Thus, the o p t i m a l  control  
theory programs (FCS-3, -6, and -7)  and the general ized inverse 
technique (FCS-4 o r  FCS-5) w i l l  be used as an aid t o  parameter 
s iz ing.  H o w e v e r ,  t h e  criteria and t h e  emphasis of e l a s t i c  modes 
make t h i s  block d i f f e r  from block IV-5, The st rategy is to 
increase  the  f lu t te r  speed  as much as possible  without introducing 
s t a b i l i t y  problems- Sensor location and control sur face  s ize  and 
l o c a t i o n  a r e  c r i t i c a l  c o n s i d e r a t i o n s -  Due to these complexities,  
manual intervention is requi red  in  the  synthes is  process .  I n  
par t icu lar ,  classical cont ro ls  methods of FCS-1 or XS-2 w i l l  be 
used for the  major i ty  of t h e  synthes is  e f for t ,  Note t h a t  FCS-1 
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requires a developnent of Nyquist and B o d e  techniques for 
accommodating the frequency-dependent (complex coef f ic ien t )  
f l u t t e r   ma t r i ces  
The equations of motion formed for t h e   f l u t t e r   a n a l y s i s  
(block N - 3 5 )  can also be used f o r  the flutter suppression system 
work, H o w e v e r ,  equations of motion  based upon quasi-steady 
aerodynamics combined w i t h  the Wagner function may also be used, 
This latter set w i l l  be used for cost considerations- 
Block IV-37-  Proposed Fix--(;oal: Determine  changes  on 
configuration geometry, mass, or s t i f f n e s s  for f l u t t e r  clearance, 
The critical f l u t t e r  conditions ident i f ied  in  des ign  network 
block IV-38 w i l l  be analyzed to appra i se   f l u t t e r  mechanism using 
an energy display approach (SFL-13), Parametric flutter trend 
s tud ie s  on s t i f f n e s s  changes, and mass changes for each geometry 
change ( i f  any) will be conducted t o  determine h o w  the f l u t t e r  
deficiencies should be removed. When a portion of the s t ruc tu re  
is to  be changed, t h e  mass and s t i f f n e s s  matrices of only those 
substructures  af iected by the change are recalculated and merged 
with the unchanged substructures (SF’L-21)- These t rend s t u d i e s  
are performed through t he  design network (blocks IV-35, -38, -39, 
and -37). T h i s  loop is terminated when t h e  desired f l u t t e r  
clearances  are  achieved - 
Block IV-38-  Flutter  Analysis”Goa1:  Evaluate  flutter  boundaries 
of the refined configurations - 
Flutter boundaries of t h e  refined configurations w i l l  be 
determined over t h e  f l i ght  envelope by t h e  same solut ion methods 
used i n  design network block 111-24- 
Block IV-39- F l u t t e r  C r i t e r i a  Met?--Goal: Determine whether the 
f l u t t e r  criteria have been s a t i s f i e d  - 
This decision is manual- I f  f lu t te r  def ic iency  ex is t s ,  
improvements w i l l  be made by 1) geometry, mass, o r  s t i f f n e s s  
change or 2) by ac t ive  f l u t t e r  suppression system. A decision 
w i l l  be made whether 1) or 2) or both should be used t o  s a t i s f y  
f lut ter   requirements  .
Block 1V-40- G e o m e t r y  Chanse?--Goal: Determine i f  a 
configuration change is required for f lu t t e r  c l ea rance -  
This decision is manual- Geometry changes i n  terms of 
modifications t o  e x i s t i n g  m a i n  l i f t ing surfaces ,  control  surfaces ,  
or addition of new control surfaces may be t h e   r e s u l t s  of the  
design network  (blocks IV-36 and -37) - If t h e  geometry  change is 
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required to c lea r   f l u t t e r ,   t he   des ign   f l ow will re tu rn  to  the 
start of level 111. 
Block IV:41. U s e  Flutter  Suppression  System?"Goal : Decide 
whether or not t o  use an active f lu t t e r   suppres s ion  s y s t e m .  
The f lu t t e r  suppres s ion  system synthesis is described in 
block IV-36, The decision is manual and involves considerations 
of benef i t s ,  r i sk ,  cost, complexity, and weight, 
Block IV-42.  Update FCS--Goal: Res ize   the   f l igh t   cont ro l  
components f o r  weight considerations. 
The addi t ional  components requi red  for  t h e  f l u t t e r  
suppression system w i l l  be estimated. A computer  program 
development is required (FCS-12) - 
Block IV743. Chanqe St i f  fness?--Goal: Determine whether 
s t r u c t u r a l  stiffness change should be made for f lu t te r  c learance .  
This decision is  manual- If t he  s t i f fnes s  inc rease  
( ident i f ied  in  the  des ign  network block IV-37) over the  s t r eng th  
and fat igue s iz ing is to be made t o  c l e a r  f l u t t e r ,  the required 
s t i f f n e s s  will be provided for design network block IV-44, If t h e  
answer to the  ques t ion  is no, design network block IV-45 w i l l  be 
executed and any mass change required for  f lut ter  c learance w i l l  
be input, only when it was i d e n t i f i e d   i n  block IV-37, 
- Block - - - -. IV-44.,. -. . . Update- Structural   Sizinq"Goa1: To i den t i fy  
f l u t t e r p r e s c r i b e d   r e s i z i n g  for updating t h e  primary s t r u c t u r e  
weight  and t o   e s t a b l i s h  minimum s i z e   c o n s t r a i n t s   f o r   a l l   f u r t h e r  
s t rength  and fa t igue design activities- 
If a s t i f fnes s  ( s i z ing )  increase over the  s t rength  and 
fa t igue  s iz ing  is required t o  meet the f l u t t e r  criteria, the 
sizing required is iden t i f i ed  and updated- For a l l  sk in  and w e b  
gage increases, t he  s t i f fen ing  mater ia l  w i l l  be compared t o  the 
minimum al lowable s t i f fening mater ia l  and increased i f  required,  
Flut ter-prescr ibed s iz ing w i l l  be considered to  be minimum s i z e  
constraints  in a l l  f u r t h e r  s t r e n g t h  and f a t i g u e  s i z i n g  a c t i v i t i e s ,  
Block IV-45. U p d a t e -  We.ighgss, _&dance, and b a d a b i l i t y  cryp 
cj 
e 
"Goal: To ca lcu la t e  type C weight. balance, and 
loadabi i i ty  for the configuration which has been s ized for 
st rength,  fa t igue and f l u t t e r ,  To accomplish th i s  involves  
technical  program elements that: 
Execute weights update control (WTS-15) t h a t  would re-execute 
only those portions of the weights technical program elements 
whose input  had changed 
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Update w i n g  primary s t ruc tu re  mass elements based on stress- 
sized skinlstringer material  (WTS-21) 
Update body/empennage primary s t r u c t u r e  mass elements based 
on s t ress-s ized skin/s t r inger  mater ia l  (WTS-21) 
Update wing secondary structure mass elements  (WTS-18) 
U p d a t e  body/empennage secondary s t r u c t u r e  mass elements (WTS- 
1 9 )  
Update f u e l  mass elements (WTS-11) 
Accumulate mass elements within each structural  panel and t h e  
calculat ion of weight, center of gravi ty ,  and i n e r t i a  for 
each s t ructural  panel  and f o r   t h e  wing, body, and empennage 
(WTS-12) 
Generate a weight statement p a t t e r n e d   a f t e r   t h e  AN 9102-D 
format based on the previously updated mass elements (WTS-13) 
Calculate total ai rp lane  mass propert ies  for  var ious points 
on the balance diagram and determine updated panel mass 
propert ies  for recycling through t h e  structural analyses 
(WTS-14) 
There w i l l  be no updating of t h e   f l i g h t   c o n t r o l  system 
w e i g h t s  u n t i l  t h e  e f f e c t s  of t h e  f l i g h t  c o n t r o l  system changes can 
be  re f lec ted  in  the other airplane systems analyses (block IV-22). 
There fo re   t he   f l i gh t   con t ro l  system weights w i l l  be updated i n  
block IV-23 - 
Block IV-46. Loadability/OEW Criteria Met?--Goal (1): TO compare 
t h e  OEW which i s  calculated by the weights analysis (block IV-45) 
and the  requi red  OEW as sized-by the mission analysis (block 111- 
3) and determine whether t h e  dikference between the  OEWCs is 
within acceptable limits. I f  the  d i f fe rence  is  too  grea t ,  the  
geometry module (block 111-2) w i l l  be r equ i r ed  to  r e s i ze  the 
configuration. me required changes are man-controlled in level 
IV. 
Goal ( 2 )  : To compare the avai lable  forward and a f t  c e n t e r -  
of-gravity l i m i t s ,  as determined by t h e   s t a b i l i t y  and control 
analysis (block IV-6) and the required forward and a f t  center-of - 
gravity balance and loadabi l i ty  limits as determined by the  
weights analysis (block IV-45). I f  the  d i f fe rence  between t h e  
required and avai lable  center-of-gravi ty  limits is  too great, the  
geometry module (block 111-2) w i l l  be  required to  resize the 
empennage. I f  t h e  OEM cg posit ion does not r e s u l t  i n  acceptable 
a i rplane balance,  the geometry module (block 111-2) w i l l  be 
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required to adjus t  the pos i t ion  of such items a s   t h e  wing and gear 
relative t o  the body. The required changes are rnan-controlled i n  
level IV,  
- - " - . - -. ___ Block IV-47" Entered H From J?--This is a computer decision, The 
decision in block IV-60 t o  do f lu t t e r   ana lys i s   r equ i r e s  a recycle  
through equations of motion (block IV-35) and subsequent events 
(blocks IV-38 through -461 but no recycle of events (blocks IV-48 
through -60) which are primarily updated analyses. 
The unaugmented quasi-steady equations of motion generated i n  
block EM-11 a r e  a set of theoretical equations with experimental 
corrections incorporated into t h e m  t o  more r e a l i s t i c a l l y   r e p r e s e n t  
the  ac tua l  a i rp lane-  This  block w i l l  incorporate t h e  SAS system 
in to  the  equat ions  of motion using technical program element SDL- 
2 .  The f l i gh t  cond i t ions  fo r  which the  equations of motion are t o  
be generated w i l l  be manually selected to  be adequate f a r  the 
dynamic loads block IV-49,  
Block -IV-:g9- D y n a m i c  Loads and Ride Quality Evaluation--Goal: 
The p u r p s e  of this element is t o  provide design loads to s i z e  t h e  
s t ruc tu re  of the a i rp lane-  H o w e v e r ,  t h e  many f ace t s  i n  p rov id ing  
these loads requires the s k i l l  of experienced dynamists- 
To provide design f l ight  gust  loads,  it is necessary t o  pick 
points on the f l igh t  envelope  in  terms of a l t i tude ,  speed ,  
payload, and fue l   loading  which may produce the maximum dynamic 
loads on any selected loca t ion  of the a i r c r a f t -  The f i r s t  s t e p  is 
t o  check t h e  s t a b i l i t y  (SDL-3) of the equations of m t i o n  (block 
I V - 4 8 )  - Then, the equations of motion and load equations 
generated from data of block E"10 must be analyzed by a d i sc re t e  
gust ana lys is  ( S D L - 6 ) ,  a statist ical  PSD gust  analysis  (=I,-4) 
using the design envelope approach, and a s t a t i s t i c a l  gust 
analysis  for a typical  mission prof i le  using programs SDL-4 and 
SDL-5- Fatigue sizing of t h e  a i r c r a f t  a l s o  requires a mission 
prof i le  gus t  ana lys i s  tha t  genera l ly  has a l igh ter  payload  than  in  
the design envelope analysis-  The mission profile is the average 
payload and f u e l   d i s t r i b u t i o n   t h a t  would be experienced during an 
average mission that t he  a i rp l ane  is designed for. The design 
envelope and discrete   gust   approach  use the m o s t  extreme loadings 
possible t o  obtain the highest  loads on the  a i rp lane-  The gust 
profi le  considered must be both vertical and l a t e r a l   g u s t s  
considered independent of each other, 
The ride qual i t i es  should  be evaluated a t   t h i s  t i m e  i n  t e r m s  
of lateral and vertical accelerat ions along fhe body, Unti l  an 
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absolu te  c r i te r ion  is developed, the ride q u a l i t i e s  would have to  
be compared quant i ta t ive ly  w i t h  e x i s t i n g   a i r c r a f t .  
The design ground loads would be caluclated with a dynamic 
m a t h  model simulating both a landing impact and a t ax i  ana lys i s  
fSDL-7) on various measured runways around the world, The ride 
qual i t i es  dur ing  taxi  would also be evaluated a t  t h i s  time. 
Block IV-50, Determine  Thermal Ef fects--Goal: To predict  the 
e f f e c t  of thermal heating on the aircraftms primary structure.  
Th i s  estimation w i l l  be done by STR-18 for two missions, 
namely the intended design mission and the design mission w i t h  an 
emergency descent, The r e s u l t  of the estimation w i l l  be the 
temperature history of the aircraf t ' s  pr imary s t ructure .  
Block IV-51-  S t ruc tura l  Analysis for Strensth and Fatique--Goal: 
To determine the margins-of -saf e ty   ( s t rength  and fat igue)  of the 
p rev ious ly  s i zed  de ta i l  s t ruc tu ra l  elements for t h e  dynamic load 
conditions of block IV-49, 
For the pr imary s t ructural  s iz ing establ ished i n  block IV-28 
and a s  updated by block IV-44 for f l u t t e r ,  stress analyses are 
performed for the dynamic load conditions of IV-49, The 
capabi l i ty  t o  perform analysis only (without resizing) to obtain 
margins-of-safety is inherent in STR-3, -4 ,  -5, -6, etc, 
Therefore, analysis, rather than design, is used  t o  obtain t h e  
computational cost  savings available when no negative margins-of- 
s a f e t y   e x i s t   f o r  the dynamic load conditions and when the  
f lex ib i l i ty  and weight changes, if any, s i n c e  the l a s t  s tatic 
loads calculat ion (block IV-28)  are  too  smal l  to produce a 
s ign i f i can t  change i n  the s t a t i c  l o a d s .  It should be noted that 
t h e  cost of an analysis  i s  estimated as one-third (or less) t h a t  
of a design sizing- Further,  there should be very f e w  dynamic 
load conditions compared to the number of s t a t i c  l oad  cond i t ions ,  
Block IV-52 - Neqative Marqins-of -Saf ety? - - G o a l :  Computer 
decision to  determine whether the dynamic load conditions are 
critical f o r  any of the previously sized d e t a i l  s t r u c t u r a l  
elements. 
Block IV-53. Airplane Static Loads-43oal: Calculation of load 
d is t r ibu t ions  on  the major airframe components r e su l t i ng  from 
design condi t ions (s ta t ic  and gust formulae) and a fatigue mission 
p r o f i l e  - 
S t a t i c  loads for a supersonic configuration would be 
generated using a panel representation of t h e  airplane.  The 
method used is based on Woodwardts l i f t i n g  s u r f a c e  method. Matrix 
methods are used to solve simultanwus l i n e a r  equations for loads,  
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deflections,   accelerations,  and s t ab i l i t y  de r iva t ives -  The 
current  program (SLO-4) computes unit and balanced load solutions 
for symmetric maneuvers of a r i g i d  or f lex ib le   a i rp lane ,  
Integrated panel loads along a user-defined axis give shear, 
moment,  and tors ion,  
This program forms the  loads  module w i t h i n  t h e  ATLAS system 
(STR-6) - 
Flight condition data would be input by a knowledgeable user ,  
Any requirements for loads on secondary structure wuld be 
m e t  by hand calculations based on data from a s i m i l a r  pa s t  
configuration, 
"" Block- IV-54. ~ D e t e r m i n e  Thermal Effects  "Goal:  To p red ic t   t he  
e f f e c t  of thermal heating on the aFrcraf tms pr imary s t ructure ,  
This estimation w i l l  be done by  STR-15 for t w o  missions, the 
intended design mission and the design mission w i t h  an emergency 
descent. The r e s u l t  of t h e  estimation will be the temperature 
h is tory  of t h e   a i r c r a f t L s  prunary s t ruc tu re  - 
Block- IV-55, Structural  Sizinq for Strenqth and Fatique"Goal: 
To modify.the preliminary detailed sizing of the primary structure 
for  s t rength  and fa t igue  ( fa i l - sa fe  des ign)  for  cri t ical  d y n a m i c  
load conditions and r ev i sed  s t a t i c  l oads  r e su l t i ng  f r o m  s t r u c t u r a l  
f l e x i b i l i t y  changes, 
Using the  s t ruc tu ra l  de f in i t i on  (geometry and s iz ing)  
established in block 1V-28, w i t h  the s iz ing as  updated by block 
IV-44, the primary s t ruc tu re  is res ized  for  s t rength  and fa t igue  
for fa i l -safe  design (ST%-3, -4, -5 ,  -6, etc-) - Sta t ic  load  
condition data and the corresponding thermal effects fran blocks 
IV-53 and IV-54, respect ively,  are used i n  conjunction with the 
dynamic load condition data (block IV-49) and the corresponding 
thermal effects (block IV-50) for the res iz ing-  The s iz ing  
activities performed pa ra l l e l  t hose  of block IV-28. 
Block IV-56. F l ex ib i l i t y  Chanqe Siqnificant--Goal: A computer or 
man decision on the signif icance of t he  change in f l e x i b i l i t y ,  
Loads are ca l cu la t ed  fo r  a g iven  f lex ib i l i ty ;  the  resu l t ing  
strength designed structure is sized; and a new f l e x i b i l i t y  is 
calculated,  If the change i n  f l e x i b i l i t y  i s  such that a 
signif icant  loads change would result, the loads s iz ing rout ines  
(blocks IV-53 and -55) are  repeated,  
I f  t h e  change is not  s ign i f icant ,  the re su l t i ng  s t ruc tu re  is 
weighed (block IV-57) - 
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Block IV-57- Update  Weiqhts,  Balance,  and b a d a b i l i t y  (Type=-- 
Goal: !b calculate type C weight, balance, and loadabi l i ty  for 
the  configurat ion which has been s ized for st rength,  fa t igue,  
f l u t t e r ,  and  dynamic loads, To accomplish this involves  technical  
program elements that: 
Execute weights update control (WTS-15) t h a t  would re-execute 
only those port ions of the weights technical program e lements  
whose input had changed 
Update wing primary structure mass elements based on stress 
sized skin/s t r inger  material (WTS-21) 
Update body/empennage primary s t ruc tu re  mass elements  based 
on stress sized skin/s t r inger  material (WTS-21) 
Update wing secondary structure mass elements (WTS-18) 
Update body/empennage secondary structure m a s s  elements (WTS- 
1 9 )  
Update f u e l  mass elements (WTS-11) 
Accumulate mass elements within each structural panel and 
ca lcu la te  of weight, center of grav i ty ,  and i n e r t i a  for each 
s t ruc tura l  pane l  and for t h e  wing, body, and empennaye (WPS- 
1 2 )  
Generate a weight statement patterned after the AN 9102-D 
format based on the previously updated mass elements (WTS-13) 
Calculate total a i rp lane  m a s s  p roper t ies  for various points  
on the balance diagram and determine updated panel mass 
proper t ies  for recycl ing through the s t ructural  analyses  
( W T S  -14 ) 
There w i l l  be no updating of the f l i g h t  c o n t r o l  system 
weights unt i l  t h e  e f f e c t s  of the f l i g h t  c o n t r o l  system changes can 
be r e f l ec t ed  in  &e other alrplane systems analyses (block IV-22). 
Therefore,  the fl ight control system weights will be updated i n  
block IV-2 3 . 
Block IV-58, Panel Mass/Intertia Chanqe Siqnificant?--Since the 
loads analyses are sens i t i ve  to  pane l  mass propert ies ,  each time 
the weights analyses update the panel's mass, center  of gravi ty ,  
and inertia, t h e  e f f e c t  of these changes on the loads analyses 
should be examined. If the panel mass property changes are 
s ign i f icant ,  the  loads  and the  s t ruc tura l  ana lyses  should be 
examined . 
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Block IV-59- Loadabilitv/OEW C r i t e r i a  Met?”Goal (1): To compare 
t h e  OEW which is calculated by the weights  analysis (block IV-57) 
and the required OEW as s i z e  by t h e  c r u i s e  performance analysis 
(block 111-3) and t o  determine whether the difference between t h e  
OEM% is within acceptable limits, I f  t he  d i f f e rence  is too 
grea t ,  the  geometry module (block 111-2) will be required to  
res ize  the configuration. The required changes a r e  man-controlled 
i n  level IV.. 
G o a l  ( 2 )  : To compare the avai lable  forward and a f t  center- 
of-gravi ty  l imits  as  determined by the stabi l i ty  and control 
analysis  (block IV-6) and the required forward and a f t  center-of- 
gravity balance and loadab i l i t y  limits as determined by the 
weights analysis (block IV-57) . If the  d i f fe rence  between t h e  
required and ava i lab le  center  of gravi ty  limits is too grea t ,  the  
geometry module (block 111-2) will be required t o  r e s i z e  t h e  
empennage- I f  the OEW cog. posit ion does not result  i n  acceptable 
airplane balance, the geometry module (block 111-2) w i l l  be 
required t o  ad jus t  t h e  posi t ion of the  wing and gear r e l a t i v e  t o  
the  body.. The required changes are man-controlled in level IV- 
Block IV-60. D o  F l u t t e r  Analysis?--Goal:  Determine  whether 
f u r t h e r  f l u t t e r  a n a l y s i s  is required, 
Manual decision i s  made t o  determine whether f u r t h e r   f l u t t e r  
analysis should be performed to  ensure the proper  f lut ter-free 
performance of the newly derived configuration with strength 
design in which dynamic loads and r i d e  quality e f f e c t s  are 
included, 
If the answer t o  the quest ion is yes, the  design f l o w  w i l l  go 
back t o  design network block IV-33, Otherwise, the configuration 
w i l l  be ready for f l i g h t  control system synthesis and analysis  
(through design network blocks IV-62 and -63) - 
Block IV-61- Star t  Transonic  F lu t te r  Wind Tunnel 
Model?-+oal:  Determine  whether design of transonic wind 
t u n n e l  f l u t t e r  m o d e l  should  s ta r t ,  
Manual decision w i l l  be made he re  to  determine t h e  start of 
transonic wind t u n n e l  f l u t t e r  model design, Due mainly to  the  
uncertaint ies  of the theoret ical ly  predicted unsteady air loads a t  
transonic, high subsonic, and l o w  supersonic regimes, a t ransonic  
wind t u n n e l  f l u t t e r  model t e s t i n g  program is always required,  
O n c e  t h e  go-ahead decision is made, the design of t he  model w i l l  
begin i n  blocks V-11 and -12- The s t a r t  of m o d e l  design a t  t h i s  
event w i l l  provide some lead  time before a go-ahead in levelv,  
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Block IV-62. Equations of Motion: Quasi-Steady  Option"Goa1: 
Develop the equations of rnotion t o  be used f o r  f l i g h t  control  
system work. 
The equations of motion consist of t h e   r i g i d  body modes and 
abou t  t en  e l a s t i c  m o d e s .  Two basic  sets of data a r e  produced, 
namely longitudinal axis equations and the l a te ra l -d i rec t iona l  
axis equations. Approximately ten operating points are required 
to cover the f l ight  envelope- Quasi-steady aerodynamics are 
s u f f i c i e n t  for t he  f l i gh t  con t ro l s  problem. Estimates of control 
surface and actuator  dynamics w i l l  be adequate a t  t h i s  s t age  in  
the design process.  
Block IV-63. P l i q h t  Control System Synthesis and Analysis - 
Elastic Body Modes"Goa1: Re-exarrune the f l i g h t  c o n t r o l  system 
us ing  e l a s t i c  body modes and modify the cont ro l  system as needed- 
The previous handling quali t ies control system work (block 
IV-5) is performed using s impl i f ied  r ig id  body equations of 
motion. Although e l a s t i c  modes were not used i n  block IV-5 ,  the 
static ae roe la s t i c  e f f ec t s  w e r e  simulated and the gains and 
compensation netwarks w e r e  tempered to anticipate higher frequency 
dynamics, It i s  ant ic ipa ted  that € l i g h t  control system 
modifications w i l l  be m i n o r  . If t he  f l i gh t  con t ro l  sys t em 
criteria are n o t  sa t i s f ied  due  to  presence of elastic modes, the  
s i t u a t i o n  w i l l  be examined a f t e r  the end of t h e  level I V  
computational activity- The decision w i l l  then be whether t o  
press  for  more control system refinements o r  to  modify the 
a i rp lane  or f l i g h t  envelope. 
B l o c k  IV-49 evaluated the ride q u a l i t y  of the  a i rp lane-  I f  
r i d e  improvement is required,  a r ide q u a l i t y   s t a b i l i t y  
augmentation system (RQSAS) wlll be developed a t  th i s  po in t .  
Computational a c t i v i t y  will be s imi l a r  t o  block IV-5. 
Technical program elements FCS-1 through FCS-7 may be required. 
As is the case w i t h  the f lu t t e r  suppres s ion  system synthesis 
(block IV-36), t he  e l a s t i c  modes w i l l  require more manual 
intervention and more emphasis on c l a s s i c a l  controls techniques 
(FCS-1 or FCS-2) . The fl ight  control  system hardware w i l l  be 
resized by use of FCS-12- 
Block IV-64. D o  Dynamic Loads Analysis?--Goal: Man d e c i s i o n  t o  
determine whether any significant changes i n  weight ,  f l e x i b i l i t y ,  
and f l i g h t  c o n t r o l  system synthesis have been made t o  the  system 
from blocks W - 5 0  t o  I V - 6 3  that would a f f e c t  dynamic loads, 
Block IV-65, I l )  Manuf acturinq Review--Goal: To provide 
operations with design concepts to  the  ex ten t  t ha t  company 
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resources can be reviewed and the preliminary manufacturing plan 
prepared- 
Operations must i n i t i a t e  program planning i n  conjunction with 
the product technical definit ion,  Based on itemized work 
s t a t emen t s ,  t he  in i t i a l  make-or-buy and manufacturing plans are 
developed.  Concurrently,  available  in-house  resources are 
reviewed for compatibil i ty i n  t i m e  and s u i t a b i l i t y .  
(2) Establish  Plans  and  Schedu1es”Goal: To provide 
operations, marketing, and f inance  wi th  in i t ia l  p lans  and 
scheduling information- 
I n i t i a l  planning w i l l  include estimates of the engineering 
release schedule ,  configurat ion ver l f icat ion test plan, and 
manufacturing  schedule - 
(3) Ident i fy  Lonq Lead Items--Critical long-lead items 
(e-g-, engines, forgings, etc.) w i l l  be iden t i f i ed  and procurement 
c r i t e r i a   e s t ab l i shed  - 
Block 1V-66, Summarize Performance--The design  refinement of 
level I V  has  been completed, The performance will be summarized 
by use of PRF-5, finance and cost considerations by FNC-1, and t h e  
market su i tab i l i ty  pre .d ic ted  by MKT-4, -5, and - 6 .  The e f f e c t  of 
schedules on cost w i l l  a l s o  be assessed by FNC-2, -3, and -4, 
The marketing analyses w i l l  be supported by an evaluation of 
t h e   t o t a l  system i n  the  opera t iona l  environment within the level 
of de f in i t i on  available. 
Simulation models REL-1 and REL-4, w i l l  evaluate 
in te rac t ions ,  major influences,  controll ing parameters,  special  
features ,  and cha rac t e r i s t i c s  a t f ec t ing  u t i l i za t ion  d i spa tch  
r e l i a b i l i t y ,  maintenance, and loylstics f a c i l i t i e s .  C o s t  
variables such as f l ee t  s i ze ,  rou te  s t ruc tu re ,  s chedu led  f l i gh t  
t i m e ,  and ground t i m e  are used t o  assess ea& change i n  
configuration or design and to  evaluate  s t rengths  and weaknesses 
of each airplane i n  operational environments- 
Block IV-67, Wil Ensine be Available for Product?”Goal: 
D e t e r m i n e  whether-the engine availclbility schedule is compatible 
w i t h  the airframe manufacturing and delivery schedule- 
This decision w i l l  be manual and w i l l  determine whether the 
airframe manufacturing and delivery schedule allows s u f f i c i e n t  
lead time for  the  engine  development, 
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Block IV-68 - Technical R e v i e w  t o  Determine Next Action--Goal: 
Determine next  act ion i f  the eng ine  ava i l ab i l i t y  test (IV-67) is 
negative - 
This management-level review w i l l  be t o  decide on further 
action should the current airframe schedule allow i n su f f i c i en t  
lead time for engine development. 
Block IV-69.  Confiquration Acceptable?--Goal: This is a man 
decis ion based on a r e v i e w  of a l l  tasks undertaken in level IV. 
To be acceptable means t h a t  no reason is found to prevent the 
design f r o m  proceeding to l e v e l  V- 
Block IV-70- Stop Wind Tunnel Model”Goa1: In t h e  event t h a t  t h e  
configuration review i n  block IV-69  is found to be unacceptable, 
t h e  design of the   c ru ise   shape  wind tunnel model and t ransonic  
f l u t t e r  model should stop, 
Block IV-71, Start  Wind Tunnel Model?”Goal: Th i s  event is  a man 
decision to s t a r t  the design of the cruise shape wind tunnel model 
and t r a n s o n i c  f l u t t e r  m o d e l ,  i f  not already i n  work. The decision 
is influenced by a management review t o  commit t h e  P A D  
configurat ion design cycle  into level V, 
Block IV-72 - Wind Tunnel Model Started?--Goal: This event is a 
m a n  decision to determine whether the design of the wind tunnel 
models has commenced, 
Block 1V-73-  Modify Confiquration or Mission --There a r e  t w o  
options from a negat ive  resu l t  in block IV-69. The designer may 
elect to r e t a i n  the design mission and c r i t e r i a  and return t o  the 
beginning of level I11 to  res ize ,  us ing  d i f fe ren t  s iz ing  ru les ,  o r  
the designer  may r e tu rn  the design sequence t o  l eve l  11 to  
evaluate the e f f e c t s  of an a l te rna te   des ign  mission. 
Block XV-74 - Technical Review t o  Determine Next Action”Goa1: 
This event is ea review of t h e  total a i rp lane  design by a technical 
r e v i e w  committee to a s s i s t  the management decision on the next 
course of action. 
6.3.3-5 Network Activities for Levels V, VI, VII, VIII, and IX 
The detail  networks a t   l e v e l s  V through I X  for project 2 
{supersonic aircraft  design) are i a e n t i c a l  to those for project  1 
[subsonic aircraft  design) and are  not  repeated here-  Refer  to 
section 6-2.3 fo r   t he   desc r ip t ions  of these networks a s  noted 
b e l o w  : 
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See section 6.2-3-5 for network activities description of 
level V, Configuration Verification- 
See section 6.2-3-6 for network activities description of 
level VI, Product Detail Design. 
See section 6-2.3-7 for network activities description of 
level VII, Product Manufacture- 
See section 6-2-3-8 for network activities description of 
level V I I I ,  Product Verification. 
See section 6-2-3.9 for network activities description of 
level IX, Product Support. 
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6 -4 OTHER VEHICLES 
6.4.1 NAVAL HYDROFOIL 
A brief study was made of a naval hydrofoil t h a t  is intended 
primarily for pa t ro l  and antisubmarine assignments, The ship is 
powered by d water-jet system, both when hullborne and when 
f o i l b r n e ,  T h i s  s t u d y  was made because it is not a n  a i r c r a f t  
geometry yet is a complex, highly integrated vehicle  for which 
considerable experzence w a s  avai lable  local ly  within The Boeing 
Company. Brief design networks for product levels 11, 111, and IV 
w e r e  established, with the result  t h a t  the hydrofoil  f i t  the 
product levels concept as w e l l  as d id  pro jec ts  t and 2. The 
required technical  program elements were n o t  collected and the 
computing resources   requi red   to   suppor t   th i s   p ro jec t  w e r e  not 
identified- H o w e v e r r  the naval hydrofoil  emluated i s  considered 
smaller in required computing resources than project  1 -  
6.4-1-1 Desiqn Networks 
The design and ana lys i s  network indicat ing the design tasks  
f o r  t h e  military hydrofoil is shown on figures 68 through 71 .  The 
product levels shown a r e  level 11, design c r i t e r i a  s e l e c t i o n ;  
level 111, configuration sizing; and level IV, configuration 
refinement, A narrat ive descr ipt ion follows the networks- 
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LEVEL II - DESIGN  CRITERIA  SELECTIONS 
Q 
t 
11-1 
DEVELOP  LEVEL I 1  INPUTS 
USER INPUTS 1 
1 DATA BASE INPUTS I 
I 
11-3 
SELECT  DESIGN  REQUIRMENTS 
& CRITERIA 
4 
11-4 
CALCULATE  INITIAL  GEOMETRY 
Figure 68.-Design  Networks: Naval Hydrofoil, Level / I  
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LEVEL I l l  - CONFIGURATION SIZING 
111-1 - 
DEVELOP  LEVEL Il l  INPUTS 
USER INPUTS 
0 DATA BASE INPUTS 
LEVEL II  OUTPUTS 
111-2 
CALCULATE  HULL  GEOMETRY 
&HYDRO  DYNAMICS 
111-3 
DUCT-INLET  GEOMETRY 
&HYDRODYNAMICS 
111-4  CALCULATE  DRAG & SIZE WATERJET  SYSTEM 
II  
I 
11-6 
t 
SIZE ENGINES 
111-7 
111-8 
CALCULATE  ARRANGEMENTS 
Figure 69.-Design Networks: Naval Hydrofoil, Level I l l  
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LEVEL I l l  - (Continued) 
~ MISSION MISSION OR 
HYDROFOIL 
HYDROFOIL 
Figure 70. - Design Networks: Naval Hydrofoil, Level I l l  (Continued) 
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LEVEL  IV - CONFIGURATION  REFINEMENT 
n 
USER INPUTS 
DATA BASE INPUTS 
LEVEL Ill OUTPUTS + 
+ 
+ 
~~ 
I v-2 
LOADS  ANALYSIS 
IV-3 
SIZE  PRIMARY  STRUCTURE 
IV-4 
CALCULATE  WEIGHT 81 MOMENT 
I 
t 
I V-6 
ANALYZE  PERFORMANCE I 
HYDROSTATIC  ANALYSIS 
To Level V 
@ MISSION e MISSION OR 
HYDROFOIL 
Figure 71.- Design Networks: Naval Hydrofoil, Level I V  
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6.4.1-2 N e t w o r k  Activities Descriptions 
L e v e l  11 Desiqn Criteria Selection--The goal of level I1 is to  
select the design mission and criteria for the subsequent design- 
Sane very brief ana lys i s  and design logic w i l l  be required to  
support  the selection of these  criteria, 
Block 11-1. Develop Level I1 Inputs”The data stream for this 
project begins w i t h  level I1 The. i n i t i a l  inputs w i l l  be derived 
from two sources- The user w i l l  provide specif ic  inputs  such as  
the problem constraints, performance requirements, and technology 
time period- The l a s t  item w i l l  point to  groups of data i n  the 
data base required t o  support  the var ious   t echnica l   d i sc ip l ines ,  
Level I1 is intended to be executed without interruption; 
therefore,  a l l  the inputs required for level 11 should be given a t  
the beginning, 
Block 11-2- Propose Mission Requirements-The mission 
requirements of payload volume and weight, endurance, speed, range 
and maneuverabili ty are specified.  These w i l l  be analyzed f o r  
comparison against  the pr’incipal design threat-  
Block 11-3.- -e lec t  Desiqn Requirements and Cri ter ia”Given the 
above”staternent about the design mission, design requirements are 
s t a t e d  or calculated covering takeoff  weight ,  s tabi l i ty ,  foi lborne 
impact damage, s t r u c t u r a l  criteria and materials,  hul l  types, etc- 
Some of this information w i l l  be user-supplied and s o m e  w i l l  c o m e  
f r o m  the technology base.. 
Block 11-4. Calculate I n i t i a l  G e o m e t r y - T h e  i n i t i a l  geometry 
design and interior arrangements will be done to t h e  selected 
design criteria w i t h  building blocks of information, Typical 
information includes the parent  hul l  shape,  foi l -s t rut-duct  
arrangement, f o i l  sect ion and shape, engine m o d e l ,  pump model, 
loca t ion  of decks, bulkheads, major components, etc, These data 
w i l l  guide t h e  subsequent design process- 
” Level I11 Confiquration  Sizinq--The  goal of level I11 is to  s i z e  
candidate configuration t o  the design mission and criteria- The 
s iz ing logic  should be constructed to be executed w i t h  minimal 
user intervent ion-  
Flock 111-1- Develop Level 111 Inputs--The development of inputs  
f o r  level I11 w i l l  be s imi l a r  to level I1 for the categories  of 
user  and data base information. H o w e v e r ,  i n  m a n y  cases a l eve l  
I11 execution w i l l  begin f r o m  a level I1 solution. In these 
instances,  the preparation of information required by level I11 
from level I1 r e s u l t s  is to be done by automatic processes, These 
defaul t  ca lcu la t ions  w i l l  be approved and corrected by the user 
p r io r  t o  execution of level 111. 
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It w i l l  be desirable,  but not necessary,  to execute level I11 
without  interrupt ions,  so t h a t  the input  information for  the 
entire execution should be available a t  the beginning- The user  
may monitor the so lu t ion ,  espec ia l ly  in  cases  where optimization 
is being done, to  in t e r rup t ,  correct, t h e n  r e s t a r t  a solution. 
Block 111-2- Calculate  Hull  ~ .Ge~meg-y and- Hydrodynamics--This 
a c t i v i t y  w i l l  produce a h u l l  shape (hu l l  l i nes )  from t h e  parent 
h u l l  geometry. The design rules w i l l  develop a h u l l  t h a t  
s a t i s f i e s  the current  volume constraints :  then t h e  load 
capabili ty,  drag, and r igh t ing  moments of the h u l l  while 
waterborne are determined, 
Block 111-3, Calculate  Foil-Strut-Duct I n l e t  G e o m e t r y  
and Hydrodynamics--The fox l s  are s ized  to  provide the required 
l i f t .  The s t r u t  i s  sized t o  contain the duct  carrying the water 
to the  pump fo r  t he  wa te r j e t  and t o  s a t i s f y   s t i f f n e s s   c r i t e r i a .  
The i n l e t  geometry is f i t ted to  the s t ru t - fo i l  i n t e r sec t ion .  The 
l i f t ,  drag, and moment cha rac t e r i s t i c s  of t h e  t o t a l  f o i l - s t r u t -  
i n l e t  geometry are predicted.  
Block 111-4, Calculate Draq and Size Waterjet-Syst-eg-The t o t a l  
drag of the  configurat ion,  both hullborne and foilborne,  is 
determined. The internal drag of the  water je t  ducts  is predicted. 
This allows a calculat ion of the required thrust fo r  t akeof f ,  
hullborne, and foilborne conditions- The maximum thrus t  requi red  
gives t h e  design mass flow of water, which is used t o   s i z e   t h e  
water jet  pumps. 
Block 111-5. I n l e t  Duct OK?--In block 111-3 and -4, an  in l e t  duc t  
was assumed (first pass) o x  determined by previous analysis (other 
t h a n  f i r s t  p a s s ) -  W i t h  the mass f l o w  of water determined i n  block 
111-4, the f l o w  ve loc i ty  in  the i n l e t  d u c t s  can be determined- If 
the  ve loc i ty  is too high,  the ducts  w i l l  have t o  be resized and 
the  solut ion must r e tu rn  t o  block 111-3- 
Block X I X - 6 -  Size  Enqines--The hullborne an foilborne  engines 
( i f  d i f f e ren t )  are sized t o  the requirements established i n  the 
e a r l i e r  Blocks. 
B l o c k  111-7. S i &  Subsystems--The various ship subsystems 
(hydraulic,  electrical ,  pneumatic,  etc,) a re  s ized  to  suppor t  the 
design mission and its requirements. 
Block 1x1-8. Calculate Arranqements--Now t h a t  a l l  the subsystems, 
engines, and pumps have been sized, an i n t e r i o r  arrangement is 
calculated.  These items are  p laced  in  the  hul l ,  then  t h e  s to re s  
( fuel  and suppl ies)  are  calculated and the  arrangement is 
completed by finding space for these and for the remaining deck 
arrangements - 
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Block 111-9- VoIume OK?--This is an automatic decision, unless 
the user might wish t o . a t t e m p t  an arrangement himself- If t he re  
is not s u f f i c i e n t  volume, the   des ign   process  must return to  block 
111-2 to  en large  the  hul l  and r e s i z e  the design, Also, i f  the 
current   design  has  too much volume, the   des ign  may re turn  t o  block 
111-2 t o  scale down t h e   h u l l -  
-I-fI=lO-. Hydrofoil Acceptable?--This is a user  r e v i e w  of a 
correct ly  s ized configurat ion.  The design modules may produce a 
des ign  tha t  would be unacceptable for some unusual reason- If the 
hydrofoil  is acceptable, design proceeds to level IV, 
Block 111-11,- Modify Criteria tor Hydrofoil?--There a r e  t w o  
options f r o m  a nega t ive  r e su l t  in block 111-10- The user  may 
elect t o  r e t a i n  the design mission and cr i ter ia  and r e tu rn  to  the 
beginning of level I11 t o  res ize ,  us ing  d i f fe ren t  s iz ing  rules 
th i s  t ime-  On the  other  hand, the hydrofoil  configuration sized 
by l e v e l  111, although unexpected, may have some des i rab le  
features-  The user may r e t u r n  the design sequence to  level I1 t o  
alter the design mission and cr i ter ia  in  order  t o  introduce some 
of  these desirable  features  of the current  design- 
" Level I V  Confiquration  Refinement-- The goal of level I V  is to 
r e f i n e  a configuration by applying more advanced ana lys i s  methods 
t o  the  design - 
Block IV-1- Develop Level I V  Inputs--The design and analysis  
a c t i v i t i e s  of level III have enriched the data base about t h e  
configuration, These new data ,  as w e l l  a s  criteria and 
constraints  from l eve l  11, w i l l  be  put  in to  forms s u i t a b l e  for t h e  
level I11 analysis  methods- This act ion w i l l  be supported 
primarily by t h e  IPAD data base manager- Additionally,  user 
inputs and information from the data base not previously required 
w i l l  be established- This a c t i v i t y  is shown symbolically a t  the 
head of level IV, but due t o  the in t e rac t ive  na tu re  of level IV,  
the   da ta   p repara t ion   ac t iv i ty  may be done selectively throughout 
level IV.  
Block IV-2. Loads Analysis--Detailed hydrodynamic loads are 
determined in  va r ious  sea  s t a t e s  fo r  waterborne and foi lborne 
conditions- Impact loads  are  estimated. 
Block IV-3- Primary Structural  Sizinq--The hull  and f o i l  primary 
s t ruc ture  i s  sized t o  t h e  loads  developed above, Beam theory w i l l  
be used where possible,  but f i n i t e  element analysis w i l l  be used 
f o r   t h e  more cri t ical  areas .  
Block IV-4" Calculate Weiqht and Mament--The hydrofoil weight and 
moments can be determined with good r e l i a b i l i t y  now t h a t   t h e   h u l l  
s i ze ,  systems, and structure are a l l  sized together- T h i s  weight 
determination w i l l  use primary weights by analysis,  with 
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statist ical  weights for secondary structure other than known 
components. 
Block IV-5- Weiqht OK?-A preliminary weight estimate was  made 
back i n  block 111-8 i n  order to c a l c u l a t e  t h e  f u e l  required. If 
t h a t  weight estimate is not  in close agreement w i t h  t h e  more 
accurate estimate of block IV-4, the design sequence must return 
to  the s t a r t  of level I11 for  res iz ing .  
Block IV-6, Analyze Performance--The performance of the 
configuration ruay be accurately determined ROW t h a t  the 
configuration is sized and the weight is determined f o r  the sized 
s t ruc tu re  I 
Block IV-7,  Hydrostatic Analyses--The static s t a b i l i t y  of the 
hydrofoil  is predicted €or the i n t a c t  geometry, damaged geometry, 
and effect of wind loads. 
Block IV-8 . Control Aualys is -The  cont ro l  sys tem for  the  fo i l s  
w i l l  be synthesized and analyzed for d i r e c t i o n a l   s t a b i l i t y ,  
con t ro l l ab i l i t y ,  and sea state response, The hydraulic 
requirements to actuate the control system will be established. 
Block IV-9 * Hydrofoil Acceptable?JThe designer, w i t h  system 
support, w i l l  review the hydrofoil  and determine whether it is 
su i t ab le  for continued work i n  level V, 
Block IV-10. Modify C r i t e r i a  or Hydrofoil?--There a re  two options 
from a negative result i n  block IV-9 ,  The designer may e l e c t  t o  
r e t a i n  the design mission and criteria and re turn t o  the beginning 
of  leve l  I11 to  res ize ,  us ing  d i f fe ren t  s i z i n g  rules t h i s  time, 
On t h e  other hand, the hydrotoil  configuration re f ined  by level IV 
may have some desirable  features .  The designer may r e t u r n  t o  
l eve l  I1 t o  a l t e r   t h e   d e s i g n  mission and c r i t e r i a   i n   o r d e r   t o  
introduce s o m e  of these desirable  features  of the current design, 
6-4.2 MILITARY AIRCRAFT 
No spec i f ic  s tudy  was made of m i l i t a r y   a i r c r a f t ;  however, 
t h e y   a r e  s i m i l a r  t o   t h e  commercial a i r c r a f t   s t u d i e d ,  and the 
following coments  apply- 
6-4-2.1 Militan Transport  Aircraft  
Tanker, cargo, and passenger aircraft will be iden t i ca l  to 
the  pro jec t  1 subsonic transport  except where mi l i ta ry  criteria 
d i f f e r  from Federal Aviation Regulations and commercial a i r c r a f t  
design standards - 
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6.4-2.2 Mglitary Tac t i ca l  and Strateqic Aircraft 
Subsonic and supersonic mili tary aircraft  w i l l  be similar t o  
pro jec t  1 and pro jec t  2 a i r c r a f t ;  however, new s i z ing  geometry 
modules f o r  levels I1 and 111 are  required, These modules  must 
respond t o  the m i l i t a r y  mission and des ign   mi t e r i a ,  
6 -5 GATHER INEQRMATION 
6-5-1 D E F I N I T I O N  
Throughout the design process, from concept t o  t h e   f i n a l  
de ta i l  des ign ,  a t  each individual task, the f i r s t  requirement is 
to determine what information is needed t o  perform the task (data  
processes) - The second requirement is to get that  information 
together,  which takes as much as two-thirds of the design t i m e ,  
T h i s  sect ion deals  with the process of gathering a piece of 
information- In the process of design,  it may be used many times 
f o r  a s ingle  t a s k ,  
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6 -5-2 ACTIVITY N M 0 R . K  
Figure 72 diagrams the activities involved in the beginning 
task, "gather information-" The network begins when a task is 
assigned or assumed. The following inf ormaticar is pertinent to 
the networks : 
Network Blocks: 
Activity or Event* 
*Any activity which has a "dom connotation, such as: display, 
develop, revise, etc., includes the "Gather Information" network 
described i n  section 6 - 5 ,  
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G - l  
I IDENTIFY 1 
c . 7  
G.2  SAVE 
SPECIFY 
REQD 
INFORMATION 
FILE 
I N  
INFORMATION c t 
RETRIEVE 
INFORMATION 
INFORMATION 
GENERATE 
I I IDENTIFY DEVELOPMENT INFORMATION 
YES % METHOD 
IDENTIFY 
INFORMATION 
DEVELOPMENT 
4- 
INFORMATION  INFORMATION 
INFORMATION 
INFO 
Figure 72. -Gather  information Network-Design 
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6.5 . 3 NZTWORK ACTIVITIES DESCRIPTION 
The purpose is t o  describe the gather information 
network shown i n   f i g u r e  72 - 
Block G-1.. Iden t i fy  Task Required-"he first question 
answered is What  is t h e  task?" If t h e  task is not  de 
process 
t o  be 
fined, th is 
is a "gather information" task in itself. 
To i d e n t i f y  a p a r t i c u l a r  task (assuming it r e l a t e s  to design 
p ro jec t ) ,  the u s e r  should: 
Read the work breakdown s t r u c t u r e  (WBS) descr ip t ion  of t h e  
s t ructural  e lement  t o  be designed 
Read the design requirements and objectives document 
Read the des ign   c r i t e r i a  
Read applicable design guides 
R e v i e w  s t r u c t u r a l  arrangement developed i n  t a s k  111-12 
R e v i e w  s t ruc tu ra l  l ayou t s  developed in t a s k  V-11 
Read FAA r u l e s  and regulations from FAR, p a r t  25 ,  for 
commercial t ranspor t  design 
Read schedule and evaluate manpower requirements 
Block 6-2- Specify Information Required--Havinq i d e n t i f i e d  the 
t a s k ,  it then  becomes necessary to i d e n t i f y  what is needed t o  
begin design- The .following list includes some per t inent  
considerations.  
Surface def in i t ions :  ex terna l / in te rna l  contours  
Location of ad jacent  s t ruc ture ,  in te r faces  
Location of systems provis ions,  interfaces  
Loads and loadcases 
Durability requirements 
Structural element and joint  concepts 
Approved fas tener  lists and standards 
Material allowables and strength data 
Process and fabr ica t ion  spec i f ica t ions  
Finish and sea l ing  documents 
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Block 6-4- Data Base--This f i l e  is for retention of both general  
and specific information of i n t e r e s t  t o  engineer ing,  par t icular ly  
data necessary for new product development, 
The general  type of information which is quite s t a t i c  or 
unchanging is exemplified by the following: 
. Unit  conversions 
Material allowables 
Process spec i f ica t ions  
Environmental conditions 
S t ruc tura l   p roper t ies  
General information which is less static than the above is: 
Design criteria 
Design  guides 
Standard  parts 
Relat ively specif ic  information which is frequently changed 
is : 
Configuration l o f t  geometry 
Structural arrangement 
External loads 
S t ruc tura l  concepts 
Systems Requirements 
Block G-5, Information Available?--Determine the availability of 
each piece of information required above, If  avai lable ,  select ion 
should be made: i f  n o t ,  the information must be generated- 
Block G - 6 ,  Ident i fy  Source--For each information i t e m  found t o  be 
avai lable ,  the source must be ident i f ied .  
Block 6-7. R e t r i e v e  Information--Search t h e  data base a t  sources 
indicated in block G-4 above f o r  the specified information. 
Block G - 8 ,  Display Information--Display infomation formatted for 
the best  understanding of t h e  task a t  hand. Combine alphanumeric 
and graphic  displays as required- 
Block G - 9 .  Evaluate  Information--Review  each  information i t e m  
retrieved from the  da ta  base  for completeness, accuracy, and 
appropriateness 
Block G-10, Information Correct?--For each piece of information 
evaluated above, determine whether it is suf f ic ien t ly  accura te  for 
use i n  the design. Does it have a sound b a s i s  f o r  c r e d i b i l i t y ,  
and does it sa t i s fy   the   needs  of the desiqn problem? 
31 9 
Block G-11. Save Information for Local Data File--Retain the 
infomation selected or generated as p a r t  of a local f i l e  for 
future use i n  development and synthesis of the design.. 
Block 6-12, Information Complete?--Determine whether a l l  of the 
information needed to  develop the design has been collected. 
Block 6-13. Star t  Des ign- -At  this block (any wdo" block in any 
network), a l l  of t h e  conformation is available and the design task 
can start.. This block requires such action items as  develop, 
draw, calculate, update, e tc -  
Block G-14. Repeat?--Determine whether another information item, 
similar t o  that  just generated, should be selected or generated 
exactly i n  the same  manner as the l a s t  information item. When it 
is decided that more information is required using the same 
methods, the progression is to  block G-15, where the  choice is 
made. 
Block 6--15- Select or Generate?--The choice made here is 
automatic, since it parallels the method used t o  secure the  last  
information. If the choice is "select," the procession is to 
block 6-7, "retrieve informationw and i f  t h e  choice is "generate," 
the progression is to block G - 1 7 ,  nmethod available?a. Block 6-17 
w i l l  be described la te r ,  
Block G-16. Identify Information Development  Task--At  block 6-5,  
when the decision is  mde t h a t  information is not a n i l a l e  and 
must be generated, the next step is t o  define how each required 
information item is to be developed, which t a s k s  must be 
accomplished, and w i t h  what data. 
Block G-17. Method Available?--Determine whether the methods 
selected to perform the  tasks required t o  develop t h e  specifiei 
information item are available and appropriate. If t h e  method is  
available, t h e  progression is  to block G-20, "develop 
information." If  the method is not available, it must be 
developed .r (See block G- 19 below .) 
Block G-18, Identify Information Development  Method--Define  which 
method is t o  be used for each task required to develop the 
specified information item, 
Block G-19. Develop Method--Create a new process or a l te r  an 
existing process which w i l l ,  in the manner desired, produce the 
information item specified w i t h  the necessary accuracy. Write an 
algorithm, 
Block 6 - 2 0 ,  Develop Information--Having developed a m e t h o d  i n  
block G-19 above, create the specified new information item using 
t h e  selected methods to  accomplish the required t a s k s ,  
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Block 6-21, Evaluate Information--Review each information item 
developed for completeness, accuracy, appropriateness, and 
c r e d i b i l i t y -  
Block 6-22, Information Correct?--For each information i t e m  
evaluated above, determine whether it is  s u f f i c i e n t l y  accurate to  
be used i n  t € ~  design, D o e s  it have a sound basis of c red ib i l i t y ,  
and does it sa t i s fy   the   needs  of the design problem? 
Block G-23 - Save Information In Local Data File--Retain the 
information selected or generated as par t  of a l o c a l   f i l e  for 
fu ture  use in development and synthesis of the  design.. 
The progression is t o  block G-12, which is covered above, 
Block 6-24. Method Satisfactory?--For each information i t e m  
found to be incorrect, determine whether the method used in its 
development is an acceptable process or algorithm- 
Block G - 2 5 ,  Revise Information?--With the decision that the 
method (6-24) was proper but the information generated (G-22) is 
not usable, it m u s t  be decided whether the information can be 
revised . 
Block 6-26, Revise Information--Revise infomation items as  
required t o  obtain acceptable accuracy, completeness, and 
c r e d i b i l i t y ,  
Block G-27. D e l e t e  Information?--When it has  been decided that  
the information developed (G-21) cannot be revised to  be usable 
for the task ,  the  next  dec is ion  is its disposi t ion-  Has it value 
for s o m e  f u t u r e  a c t i v i t y  and is it prac t i ca l  to s t o r e  it, or  is is 
better to de le t e  the information and generate it a t  a fu ture  time? 
Block G-28, D e l e t e  L a s t  Information Item--When it is decided (G- 
27) that t he  l a s t  i n fo rma t ion  item has no value now or fo r  fu tu re  
activities, it is discarded, 
Block 6-29, Save Information on Local Data File--The information 
judged to have future  use (G-27) is  labeled and s to red  in  the  
local f i l e ,  
The progression continues until a l l  generated and/or selected 
infomat ion  has been gathered and accepted: then the task begins 
(6-13) . 
6.6 NETWORK FOR STRUCTURE DETAIL DESIGN 
The level VI product   de ta i l  design shown a s   a c t i v i t y  network 
in  6-2-2  and 6.3-2 and described in 6.2.3.6 and 6.3.3.6 is a brief 
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p ic tu re  of a great deal of ac t iv i ty  involv ing  many people for an 
extended period of time- 
The design analysis block V I - 3  (see f igures  3 3  and 60) 
listed 18 design areas. Since an in-depth study of t h e  total  
design process would be an overwhelming task ,  a st ructures  design 
and a system design are se lec ted  for  de ta i l  des ign  process  
s tud ies ,  T h i s  sect ion ( 6 - 6 )  concerns  i tself   wi th   the  design 
process for s t ruc tu re  design - tSee f igu res  73 through 80 for 
system  design  network -) 
6.6.1 STRUCTURAL D E T A I L   D E S I G N   D E F I N I T I O N  
An a i r c r a f t  body frame is selected for  a structural d e t a i l  
design process study- This is necessary because an abs t r ac t  
discussion does not create a su f f i c i en t ly  clear p ic tu re  t o  enable 
a large cross-section of people to  v i s u a l i z e  the design process 
involved. 
Section 6.6.2 p re sen t s  t he  ac t iv i ty  network for  designing a 
s t r u c t u r a l  item: an a i r c r a f t  body frame from preliminary design 
information. Section 6 -6  -3 describes the a c t i v i t i e s  networks. 
Three basic s teps  are inherent  in  the  de ta i l  des ign  process :  
a layout is made of the design; the design is evaluated; and 
detail production drawings of the design a r e  made and released, 
Figure 73 provides an overview of the s t r u c t u r a l  detail  design 
process. 
6 - 6  -2 SI'RUCTURE DESIGN NETWORK 
The d e t a i l  design process is div ided  in to  three major 
activities: laying out  the design, evaluating the design, and 
preparing and re leas ing  the drawings. For convenience and 
v i s i b i l i t y  the detail  networks and descr ipt ion will be ident i f ied  
with the Roman numeral VI, ind ica t ing  leve l  6 of t h e  de t a i l  des ign  
area (see  sec t ion  6 . 2  and 6.3), followed by a letter A, B, o r  C 
indicating layout phase, evaluation phase, or drawing phase, 
respectively.  The letter w i l l  be followed by consecutive numbers 
t o   i d e n t i f y   t h e  block. 
For example: VI B-3 indicates the activity is a t  level V I  
(detai l  design)  , block 3 (design evaluations phase) - 
The de ta i l  des ign  network (level V I )  begins where the 
decision has been made to commit the design to pro jec t   s t a tus  
(sections 6.2-3-6 and 6.3-3-5). The following information i s  
per t inent  to the network: 
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Network Blocks: 
Activity or Event* 
* Any activity which has a ndo" connotation, such a s  display, 
develop, revise, etc-, includes the "gather information" network 
described i n  sect ion 6 - 5 -  
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PHASE  A 
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0 SIZING 
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c 
LEVEL VI1 
PRODUCT  MANUFACTURE 
Figure  73.-Overview Network:  Structural  Detail Design (SOD), Level VI  
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Figure 74.-Layout  Network: SDD, Level VI  
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Figure 75. “Layout Network: SDD, Level VI (Continued) 
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Figure 76. -Layout  Network: SDD, Level VI  (Continued) 
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I 
Figure 77. -Layout  Network: SDD, Level VI (Continued) 
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Figure 78. -Evaluation Network: SDD, Level V I  
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Figure 79.- Evaluation Network: SDD, Level V I  (Continued) 
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Figure 80.-Drawing Network:  SDD, Level VI 
3 3 1  
6 -6 -3 NETWORK ACTIVITIES DESCRIPTION 
The layout phase of detail design begins w i t h  block V I  A-I .  
Block V I  A-7. Gather Information--At the beginning of a task  it 
is necessary t o  completely identify the requirements t o  be 
s a t i s f i e d  and gather the information and processes required, The 
"gather informationH procedure (section 6 . 5 )  is employed here. 
Block Vl A-2- D i s p l a y  External Contour --Provide graphic  pictures  
of the external shape of the  s t ruc ture ,  w i t h  a l l  views required 
for development of the design displayed a t  any desired scale and 
orientat ion.  Provis ions are required for merging this information 
with other p ic tures  and graphic displays developed at  another 
time. 
Block V I   A - 3 ,  Display In t e rna l  Contour--Provide graphic  pictures  
of the  internal  shape of t h e  s t r u c t u r e ,  w i t h  a l l  views required 
for development of the design displayed at any desired sca le  and 
orientation.. Provisions are required f o r  m e r g i n g  t h i s  information 
with other pictures  and graphic displays developed a t  another 
time - 
Block V I  A-4. Display Adiacent Structural Interface--Provide 
locat ions of adjacent structural  elements and their s t ruc tu ra l  
concepts- Graphic pictures of t h i s  information with a l l  views 
required for t h e  development of the design will be displayed a t  
any desired scale and orientation, Provisions are required for 
merging this information w i t h  other   p ic tures  and graphic displays 
developed a t  another t i m e . .  
Block V I  A-5. External Loads Available?--Determine whether the 
externa l  loads  for  the  s t ruc ture  have been developed a t  a n   e a r l i e r  
level and are  ava i lab le .  
Block VI A d -  Develop External Loads--Develop external  loads- 
gathering data and process according t o  "gather information' 
(section 6 .5 )  . 
Block VI A-7. R e a d  Local Data F i l e  --Retrieve information from a 
l o c a l   f i l e  which was s tored  for use i n  the Pather  information" 
s t e p  (VI A-1 or sec t ion  6 - 5 )  - 
Block VI A+. Disp lay  B te rna l  Loads--Display external loads 
formatted for best understanding and use- 
Block V I  A-9, Structural Element  Concept  Developed?--Determine 
whether a s t ructural  concept  has been developed for this 
st ructural  e lement  which w i l l  be su i t ab le  for t h i s  design. 
Block VI A-10. Develop St ruc tura l  Element Cbncept-aesign the 
des i red  s t ruc tura l  element concept by merging or synthesizing 
332 
existing information items selected f r o m  t h e  data base with new 
information items generated as required t o  provide the new 
concept- The Rgather  information"  process (section 6.5) is used 
here - 
Block VI- A~2.1." ~ Read Local D a t a  File--From a l o c a l  f i l e ,  retrieve 
information stored for use in the -gather information" step, 
I__ Block~- V I  A-12, Display  St.mctura1 Element Qncept--Provide 
graphic  pictures  of the  s t ructural  e lement  concept  with al l  v i e w s  
requi red   for  development of the design displayed a t  any desired 
scale and or ientat ion,  Provisions are required for merging t h i s  
information with pictures  and graphic displays developed a t  
another time - 
Block V I  A-53. Evaluate Compat&bility of Structural  Concepts-- 
Study how well-the structural  element concept fi ts  within the 
envelope boundaries provided by the inner  and outer contours and 
the interfacing structural  elements,  and how w e l l  it f i t s  together 
w i t h  t h e  lat ter,  
Block V I  A-14 . Struc tura l  Concepts Compatible?--Determine whether 
the structural element concept is compatible w i t h  the envelope 
boundaries provided by the inner and outer contours and with the 
interfacing structural  elements.  
Block V I  A-15,-. New S t ruc tu ra l  Element Required?+"Determine 
whether revision of the proposed structural  element concept would 
provide an acceptable concept or if an e n t i r e l y  new concept is 
required, 
"
Block. V I  .A-16. Revise St ruc tura l  Element Concept?--Determine 
whether t h e  s t r u c t u r a l  element concept should be revised or i f  t h e  
adjacent structural concept should be al tered.  
B l o c k  V I  A-17, Revise St ruc tura l  Element Concept--Design t h e  
desired-Ftructural element concept by modifying a previously 
proposed concept- Merge or synthesize existing information i t e m s  
from the   da t a  base w i t h  new information items generated as 
required t o  provide the new concept, 
Block .VI. A-18 - Revise Ad ja-cent.  Structural Concept?-"Determine 
whether   the~adjacent  structural concept must be revised if there 
is not oompatibility, 
Block V I  A-19. Revise Adjacent Structural Concept"Design t h e  
desired adjacent concept by modifying a previously proposed 
s t r u c t u r a l  element concept, Merge or synthesize exis t ing 
information items from t he   da t a  base with new information items 
generated as required t o  provide the new concept. 
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Block V I  A-20- Systems In ter face  Developed?--Determine whether a 
systems i n t e r f ace   has  been made for this s t r u c t u r a l  design 
concept 
Block VI A-2 3 -  Develop System Interface--Develop the locat ion and 
provisions for in te r fac ing  systems and t he i r  pecu l i a r  
requirements. 
Block V I  A-22- Read Local D a t a  File--When the systems in te r face  
has been developed, read the loca l  data base for information 
gathered accordng t o  sec t ion  6.5. 
Block VI A-23. Display Systems Interface--Frovide the locat ions 
and graphic  pictures  of the  interfacing systems and their 
provisions displayed a t  any desired scale and orientat ion.  
Provisions are requi red  for  merging th i s  in format ion  wi th  other 
p ic tures  and displays developed a t  another time. 
Block VI A-24- Evaluate Systems Interface--Study how w e l l  the 
structural  element concept accommodates the interfacing systems 
and their provisions while retaining i ts  funct ional  capabi l i ty ,  
Block VI A-25, Systems Interface Satisfactory?--Determine whether 
the s t r u c t u r a l  element concept is compatible w i t h  the interfacing 
systems and their required provisions- 
Block VI: A-26- Revise Systems?--Determine whether re locat ing or 
changing the in te r fac ing  systems and their provisions would be the 
appropriate manner of improving their compatibil i ty- 
Block V I  A-27. Revise Systems--Relocate or revise the interfacing 
systems and their provis ions as  required for compatibil i ty with 
the structural element concept. 
Block V I  A-28, I n t e r n a l  b a d s  Availablel--Determine whether the 
structural  element external loads have been developed and are 
avai lable-  
If the loads  a re  available proceed t o  block V I  A-30; if the 
loads are no t  available i n   t h e  data f i l e ,   t h e y  must be generated. 
Block V I  A-29- Develop Internal Loads"Calcu1ate. or ex t r ac t  from 
a f i n i t e  element or other analysis ,  the s t r u c t u r a l  element 
external  loads for a l l   s i g n i f i c a n t  load conditions i n  t h e  ground- 
air-ground service cycle. The "gather information" (section 6.5) 
is involved in this development ac t ion-  
Block  V I  A-30- Read Local Data Flle --Retrieve information f r o m  a 
local  data  f i le,  This  information w a s  stored for use i n  the 
"gather information," block V I  A-1- (See section 6 - 5  for 
d e t a i l s  -) 
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Block V I  A-31, Display In t e rna l  Loads--Provide loads information 
formatted for best understanding of their impact on t h e  s t r u c t u r a l  
element concept being considered. Combine alphanumeric and 
graphics displays as necessary. Provisions are required for 
merging this information with other p ic tures  and graphics displays 
developed a t  another time, 
B l o c k . T I  A-32, Evaluate Internal Loads--Study how w e l l  the loads 
are accommodated by the structural element concept, Continuity of 
load paths and load transfer provisions are important 
considerations . 
Block- V I  A-33. In t e rna l  Loads Satisfactory?--Determine whether 
t he   i n t e rna l   l oads   a r e  complete and credible and appear t o  be i n  
l i n e  w i t h  the adjacent family structure 
- Block- "_ VI. A-34.  R e v i s e  I n t e rna l  Loads--Using the  "gather 
informationn process, block V I  A-1 (see sect ion 6 . 5 ) ,  recheck the  
source of data, the metbds ,  and concept used and revise the 
internal loads.  
B l a c k  V I  A-35,  Evaluate Structural  Concept and Loads 
Compatibility--The s t ructural  concept  is evaluated for eff ic iency 
i n  handling the internal  loads.  Are there redundancies, 
s u f f i c i e n t  margin, etc . ? 
Block V I  A-36,  Struc tura l  Concept Satisfactory--Determine w h e t h e r  
the loads are accommodated by the st ructural  e lement  concept  in  an 
acceptable manner. 
I f  the s t ructural  concept  is no t  s a t i s f ac to ry  it is necessary 
to  re-examine the structural  element concept:  return to block VI 
A-15 and continue the design process- 
Block V I  A-37, J o i n t  Locations Developed?--Because of its s i ze ,  
material ,  and manufacturing limits, a body frame must have 
s t r u c t u r a l  joints. The information gathered in block V I  A-1 is 
examined fo r  j o in t  l oca t ion .  
Block VI A-38. Develop Joint  Locations  --Using  data from 
"gather information,a block V I  A-1, or t he  system shown i n   s e c t i o n  
6 - 5  t o  gather what is needed (i-e., mater ia l  s izes ,  par t  forming 
capabilities, manufacturing suggestions, locations of interfacing 
structure, and loca t ion  a reas  of l o w e r  loads and moments), the 
joint  locat ions are selected.  
Block V I  A-39, Read Local D a t a  Fi le--If  joint  locat ions have 
been developed previously, the information muld be taken f r o m  t h e  
d a t a   f i l e   i d e n t i f i e d   a t   b l o c k  VI A-1. 
Block VI A-40. Display Joint Locations-+ravide graphic pictures 
o f   t he   s t ruc tu re  w i t h  jo in t   loca t ions  to  gather with interface 
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structures and pertinent information used in selecting the 
location, 
Block VI A-41 - Evaluate Joint Locations--Evaluate the joint 
loca t ion   se lec t ion   aga ins t  all in ter fac ing  data and s t ruc tu re  
c r i t e r i a ,  
Block VI A-42. Jo in t  Locations Satisfactory7"Does the location 
selection s a t i s f y  a l l  of t h e  criteria? 
B l o c k  V I  A-43, Revise J o i n t  Locatian--Using o r ig ina l  criteria, 
the j o in t  l oca t ion  se l ec t ion  is again made as i n  t o  block V I  A-38, 
Block V I  A-44. J o i n t  ConcepLDevelopedf--Determine whether j o i n t  
concepts have been developed that w i l l  be suitable for this 
design. 
Block VI A-45, Develop J o i n t  Concept--Design the desired jo in t  
concepts by merging or synthesizing existing information items 
from t h e  data base w i t h  new information items generated as 
required to  provide the new concepts. 
Block VI A-46- Read Local Data File--Retri-e information from a 
local f i l e   s t o r e d  for use i n  the "gather information,m block V I  A- 
1- (See sect ion 6 . 5 )  . 
Block V I  A-47, Display J o i n t  Concept--Provide graphic pictures of 
t h e  joint concepts w i t h  all views required for development of the 
design displayed at any desired scale and orientation- Provisions 
are required  for  merging this information w i t h  pic tures  and 
graphic displays developed a t  another time. 
Block V I  A-48, Evaluate Joint Concept Compatibility--Study how 
w e l l  the joint  concepts f i t  the structural element concepts. 
Block VI A-49, J o i n t  Concepts Satisfactory?--Determine whether 
joint  concepts are compatible with structural  element concepts- 
Block VI A-50, Revise Joint Concept?--Determine whether revising 
t h e  j o i n t  concepts would be the  appropriate  way to improve the 
compatibil i ty of the  joint  concepts  w i t h  t h e   s t r u c t u r a l  element 
concepts. 
Block V I  A-51- Revise J o i n t  Concept--R&se t h e  joint concepts as  
required for compatibil i ty w i t h  the structural element ooncepts- 
Block V I  A-52 - Nff J o i n t  Concept Required?--Determine whether new 
joint concepts m u s t  be developed or i f  s o m e  change to the 
structural  element concepts is required for compatibility with the 
joint concepts- 
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B l o c k _ . V I  Ay53, ~ Develop Sizinq for Joints--Calculate t h e  geometric 
s iz ing  required f o r  the joints to accommodate t h e  load t r ans fe r  
between s t ructural  e lements ,  T h i s  includes the mater ia l  
thicknesses.  width,  length,  fastener size spacing, and edge margin 
w h i c h  are the  interdependent  variables af fec t ing  joint strength,  
O t h e r  important characteristics are centroids and moments of 
i n e r t i a  and gyration. 
The gather information process described in sec t ion  6.5 is 
used here I 
Block_VI_A-54.,. Display S iz ins  for Joints--Provide graphlc 
p ic tures  of the j o i n t  geometry s iz ing with all v i e w s  required for 
development of the design displayed a t  any appropriate scale and 
or ientat ion,  Provis ions are required for merging this information 
with pictures  and graphic displays developed a t  another time. The 
load in t ens i ty  and d i rec t ion  must be displayed with the geometry 
s iz ing  , 
Block VI A-55. Evaluate Sizing for Joints--Judge how w e l l  the 
geometry s i z ing  of the joints fits the joint concepts and the  
structural  element concepts.  Important characterist ics are 
s t ruc tura l  cont inui ty ,  o r  d i rec tness  of t h e  load paths,  and 
s impl ic i ty  of design, 
B l o c k  V I  A-56, Sizinq for Strenqth Satisfactory?--Determine 
whether the  geometry s i z ing  of the joints is adequate to sus ta in  
the  loads  imposed, 
B l o c k  VI A-57. Revise Joint Sizinq?--Determine whether revising 
the joint geometry s iz ing  w i l l  provide an acceptable design which 
w i l l  accommodate the loads imposed or w h e t h e r  a change to the 
joint concepts or s u u c t u r a l  element concepts is required- 
Block VI A-58. Revise Sizinq for Joints--Recalculate joint  
sizing, adding to the data used i n  block VI A-53 any design 
d i rec t ion  or r e s t r a i n t s  t h a t  are discovered subsequent to block VI 
A-53, Continue by displaying joint s iz ing  in a c t i v i t y  block VX A- 
54 - 
Block V I  A-59. Sizinq for Stiffness Satisfactory?--Determine 
whether the geometry s iz ing  of the j o i n t s  w i l l  sus ta in  the load 
imposed w i t h o u t  unacceptable deflection of any of the s t r u c t u r a l  
elements. 
B l o c k  V I  A-60. Sizinq for Durability Satisfactory?-Determine 
whether the geometry s i z ing  of the j o i n t s  w i l l  sus ta in  the loads 
imposed throughout the service l i fe  of the airplane without  
f a t igue  or stress corrosion of any of the  s t ructural  e lements ,  
Block-VI A-61, Develop S i z i n s  Between Joints"Ca1culate the 
geometric sizing required for the s t r u c t u r a l  element between the 
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joints to accommodate the loads imposed. The material 
thicknesses,  width and l ength ,  fas tener  s ize  spac ing ,  and edge 
margin are the interdependent variables affecting strength.  Other 
important character is t ics  are  centroids  and moments of i n e r t i a  and 
gyration, The process of "gather informatian" block V I  A-1 (or 
section 6 - 5 )  8 is used here- 
Block V I  A-62. Display Sizinq for S t r u c t u r a l  Elements Between 
Joints--Provide graphic  pictures  of structural element geometry 
s i z ing  with a l l  views required for development of design displayed 
a t  any scale and or ien ta t ion-  Provisions a r e  required for merging 
th i s  in format ion  w i t h  pic tures  and graphic displays developed a t  
another time- Also, load in t ens i ty  and direct ion are  displayed 
with geometry sizing- 
Block V I  A-63. Evaluate Sizinq for Structural  EIements Between 
Joints--Study how w e l l  the geometry s i z ing  of the s t r u c t u r a l  
element between the j o i n t s  fits s t r u c t u r a l  element and jo in t  
concepts ,  Impor tan t  charac te r i s t ics  a re  s t ruc tura l  cont inui ty  (or 
directness  of load paths) and s impl ic i ty  of design- 
Block V I  A-64, S i z i n q  for Strenqth Satisfactory?--Deternine 
whether geometry sizing of the  s t ructural  e lement  between' j o i n t s  
is adequate to sustain loads imposed, 
Block VI A-65. R e v i s e  S t ruc tura l  Element  Sizinql--Determine 
whether revis ing structural element geometry sizing will provide 
an acceptable  design that  w i l l  accommodate the loads imposed or 
whether a change is required to t h e  joint sizing,  joint  concepts ,  
or the structural element concept. 
Block VI A-66- Revise Sizinq Between Joints--Revise the geometric 
s iz ing  for the s t ructural  e lement  between joints as  required t o  
accommodate the loads imposed, correct ing def ic iencies  where they 
e x i s t  . 
Block V I  A-67, Sizinq for Stiffness Satisfactory?--Determine 
whether geometry s iz ing  of the structural element between j o i n t s  
will sus ta in  t h e  load imposed without unacceptable deflection, 
vibrat ion or f l u t t e r -  
Block V I  A-68. Sizinq f o r  D u r a b i l i t y  Satisfactory?--Determine 
whether the geometry s i z ing  of the structural elements between the 
j o i n t s  will sus t a in  the  loads  imposed throughout the service l i f e  
of the airplane without fatigue or stress corrosion- 
When the design process has progressed through this point,  
the  layout process is complete and the design task  enters  a design 
evaluation  phase, 
The design evaluation stage of detail  design begins with 
block V I  €3-1, 
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Block V I  - - B.-l,. . Display  Structural  Element  Desiqn--Provide graphic 
p ic tures  of the complete structural element design with a l l  v i e w s  
required for understanding the design displayed a t  any desired 
s c a l e  and or ien ta t ion-  The geometry s i z ing  must be t o  correct 
sca le  and load  in tens i t ies ,  and directions must a l s o  be displayed, 
Provis ions   a re   requi red   for  merging this information with pictures 
and graphic displays developed a t  another time, 
Block VI-B:2-" Ev-auate- the St ruc tura l  Element Desiqn--Study how 
w e l l  t he   S t ruc tu ra l  Element Design would perform its intended 
function, Would it be cost effect ive,  l ightweight ,  and durable? 
Examine it f o r  complete d e f i n i u o n  of a l l   d e t a i l s   r e q u i r e d  to 
define the completed par ts  and assemblies- 
Block V I  B-3- ~ Desiqn Appropriate?--Determine whether t he  
structural element design uould be appropriate and perform its 
intended function. When the design appears correct, the  layouts  
are transmitted for review. However, i n  the event the design 
appears to  be lacking, the a c t i v i t y   r e t u r n s  t o  the layout  s tage 
for evaluation of needed changes, 
Block VI-B-4,_ ~~ Tlransmit St ruc tura l  Element Desiqn Layouts f o r  
Review"De1iver copies of the structural  element design (layout) 
t o   a l l   e f f e c t e d  and interested organizat ions and personnel for 
critical r e v i e w  a 4  comment, 
Project a c t i v i t i e s   t a k e  a p a r a l l e l   p a t h   a t   t h i s  t i m e  whi le  
reviews are taking place: material is ordered, gage information i s  
released, and mockups a r e  b u i l t ,  
Block K L  B ~ 5 ~ _ _ . S - ~ e s s _ A n a l y s i s  of S t ruc tura l  Element of Desiqn-- 
Stress staff personnel make a semiformal analysis of  the design,  
(See sect ion 5-2-4 f o r  stress s t a f f  activities,) The locat ion of 
this a c t i v i t y   I n  the network is n o t  t h e  f i r s t   d i a l o g  between 
design engineering and the stress s t a f f ;  the block is shown here 
a s  a milestone that must be passed before formal drawings are 
made, 
Block- V I  B-6, Materials- Technoloqy Evaluation of S t ruc tura l  
Desiqn"Materia1s technology examines the design for  best  use of  
materials, fasteners, forming methods, f inishes ,  sealants ,  etc., 
t o  perform t h e   s t r u c t u r a l   t a s k -  
Block V I  B-8- Producibil i ty Analysis of Structural  Element 
Desicm"Manufacturing reviews the design i n  the layout phase to  
ensure that design decisions support  cost e f fec t ive  fabr ica t ion  
and assembly prac t ices-  The reviews are i n i t i a t e d  at  the  
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d i s c r e t h n  of the design project in order to  augment trade s tudies  
a t  critical decision points, Manufacturing looks a t  various 
design aspects such a s  material, size, and assembly arrangements 
from the viewpoint of avai lable  company resources and fabricat ion 
capabi l i t i es ,  The layouts are a l s o  used to develop preliminary 
manufacturing and tooling plans, which i n  turn may i n i t i a t e   des ign  
revis ion requests  from manufacturing. The producibi l i ty  reviews 
constitute a continuous dialogue between design and manufacturing 
on both a formal and informal basis, Q u a l i e  Control aspects are 
a l so  reviewed during this process for considerations pertaining to 
the  ve r i f i ca t ion  tha t  des ign  in t en t  is achieved, See Document D6- 
IPAD-3O011-D8 "Product Manufacture Xnteractions with the Design 
Process - 
Block VI B-9. EAMR Required?--& engineering advance material  
requirement (EAMR) is a list of mater ia ls  that, by their nature, 
have a long lead t i m e  in procurement. Items f a l l i n g  i n  this 
category are extruded shapes, forgings, castings, exot ic  
materials, spec ia l ty  items, etc. When these items or materials  
can be ident i f ied  w i t h  assurance that they are to  be used, the 
materiel department is requested t o  issue purchase orders, A 
decision is made i n  response t o  the question: "Are there any items 
to  be ordered early?O 
Block VX B-10- Prepare EAM.R"The EAMR is prepared and, fo r  
assurance, is coordinated with the stress staff for t h e i r  
concurrence as to gage, material ,  etc, 
Block VI B-11. Stress Staff E v a l u a t e  EAMR--The stress s t a f f  
evaluates mater ia ls  for  compat ibi l i ty  with t h e  design. 
Block V I  B-12. EAMR Satisfactory?--When t h e  stress staff concurs 
with detai l  design mater ia ls  select ion,  the EAMR is routed for  
engineering project approval- If there is no mncurrence with the 
EAMR, a decision must be made as to whether a design o r  a 
procedure error ex is t s .  
Block VI B-13, Project Evaluate EAMR--Responsible engineering 
management evaluates the EAMR from a cost and r i s k  view - 
Block V I  B-14. EAMR Satisfactory?--A decision is made t h a t  the 
EAMR i s  e i t h e r  proper or disapproved- 
A proper EAMR is released through the data processing 
ac t iv i ty ,  but a disapproved EAMR requires  a decision, 
Block V I  B-15- Concept or Procedure Problem?--Was disapproval of 
the  EAMR due to disagreement w i t h  the design concept or due t o  a 
procedure error (an error in  prepara t ion  of t he  paper i tself)  ? 
Block V I  B-16. Release EAMR-"he EAMR is released through t he  
data manager to  the ac t iv i ty  requi r ing  it- 
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Block- V I  B-17, Gase Information Required?--At t h i s  s t a g e  i n  
design, the manufacturing department planned for their production 
activity using preliminary drawings and now need spec i f ic   da ta  as 
to f i n a l  geometry and major joint locat ion-  Major j o in t  l oca t ions  
include attach pin location, hinge locations,  production break 
locations,  etcc 
Block VI B-t8=-_Release G a q e  Information"Gage information is 
prepared~-and submitted through the data manager to manufacturing 
and o t h e r  a c t i v i t i e s  as required.  
Block V I  B-19.- -Class 11 Mockup Required--A decision is made 
whether-or not a class 11 engineering mockup is needed f o r   d e t a i l  
design act ivi ty ,  ( S e e  mockup descr ipt ion in sect ion 6.2-3.6, 
block  description VI-4 - )  
Block V I  B-20. Prepare C l a s s  I1 Mockup Releases--Drawings a r e  
prepared and/or layouts furnished to  describe the  mockup areas to 
be  bui l t .  
Block -VI - B-21- Release Class I1 Mockup Drawinq"C1ass I1 mockup 
drawings are released through the data manager t o  manufacturing- 
B l O e . V I  B-22,- Fabricate Class 11 Mockup-This is a manufacturing 
a c t i v i t y  and is placed here t o  s h o w  a sequence of 
engineering/manufacturing-related events, 
B l o c k  " ~ V I  B-23,-Mockup Satisfactory?--1s the mckup of the 
s t ructural  concept  and interfaces correct? The c l a s s  I1 mockup 
examined here is primarily for  design engineering's u s e  to prove 
out and give v i s i b i l i t y  to t h e  design i n  those dimensions with 
in t e r f ac ing  s t ruc tu re  and systems located. (The accuracy of the 
mockup, reflecting the engineering drawings,  is a q u a l i t y  con t ro l  
problem within the manufacturing department.) 
B l o c k  V I  B-24, Evaluate Staff and Operations Analysis--Stress, 
weights, materlal technology staffs, and manufacturing analysis of 
the  de ta i l  des ign  a re  eva lua ted-  
Block-VI  B-25, Desiqn Satisfactory?--When  the  evaluation 
performed above appears  not  to be sa t i s fac tory ,  t he  design 
a c t i v i t y  must r e t u r n  t o  earlier a c t i v i t i e s  to solve the problem- 
If the solution is not  ident i f ied.  a  search is begun a t  block V I  
A-65 and continues through the network until it is found. 
Block V I  B-26.. Review Work Breakdown Structure  (WBS) --The WBS 
ou t l ined  in  sec t ion  4-1-1 lists a l l  maior parts and assemblies and 
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Block V I  B-27. Update Work Breakdown Structnre?--Determine 
whether the s t r u c t u r a l  element design reflects t h e   o r i g i n a l  work 
breakdown statement description. 
Block V I  B-28. U p d a t e  Work Breakdown StatemE?--Revise the work 
breakdown statement description to  r e f l e c t  the s t r u c t u r a l  element 
design, 
Block V I  B-29. Release Revised WBS-Release the revised WES 
through the data  manager. 
Having proceeded through de ta i l  des ign  layout  (phase A), 
detail  design evaluation (phase B ) ,  the  next phase is prepare the 
formal  drawing  (phase C ) .  When the detail design layouts are 
prepared accurately and i n  depth, the following detail  drawing 
phase becomes primarily a draf t ing operat ion,  
The detail drawing a c t i v i t y  begins a t  blodr V I  C - t ,  
Block V I  C-Tc Prepare D r a w i n q  Picture Sheets-The -gather 
informationm process (section 6.5) is used i n  preparat ion for  the 
formal drawing a c t i v i t y ,  
The formal drawing completely describes the part t o  be made 
including a geometric description, material  description, f inish,  
ident i f ica t ion ,  any proofs required,  and any production processes 
t h a t   c o n t r o l  i ts  manufacture. 
The drawing is produced using the most effect ive process  for 
t h e  type of p a r t  to be drawn - I n  the IPAD environment, the formal 
drawing of a family of s t ruc tures  is 100 percent computer- 
produced- A family of structures is a series of similar general- 
s t ruc tu re  items that vary only i n  contour and small details, For 
example: a series of body frames would have a similar cross- 
sect ion and be interfaced with floors, floor beams, skin panels,  
i n t e r io r s ,  systems, and ex te r io r  and interior contours with 
geometry var iables ,  Such a series of frames w o u l d  be a family 
s t ruc ture ,  Any computer program made t o  draw one of t h i s  series 
is e a s i l y  and economically altered to f i t  any of t h e  "family" 
member s . 
The drawing of a one-of-a-kind piece of s t ruc tu re  (such as a 
bulkhead) might be the most cost e f f ec t ive  i f  only the contour and 
in te r fac ing   s t ruc ture  w e r e  produced w h i l e  flag notes, 
ident i f ica t ion ,  etc . , w e r e  being done manually. 
Block V I  C-2,  Prepare L i s t  of Material-A l is t  of all par t s ,  
materials, processes, reference information, etc., is prepared. 
This data, an i n t e g r a l  part of the drawing, describes the pa r t  
cha rac t e r i s t i c s  that the picture does not,  Drawings of large 
pa r t s  or assemblies of many pa r t s  may be divided in to  several 
drawing sheets or i n  book f o r m ,  yet each sheet is an i n t eg ra l  part 
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of the  drawing. The list of materials,  computer-prepared  using 
business systems, is released through a data  manager t o  the   a r eas  
needing its information - Recipients include engineering 
management schedules,  manufacturing, etc. 
Block "___ V I  C-3- Evaluate  Enqineerinq Drawing-Evaluate the 
engineering drawings Is the design still t h e  best and most 
e f fec t ive  fo r  t he  des ign  t a sk?  D o e s  t h e  drawing and p a r t s  list 
describe the structure completely and i n  a manner that is e a s i l y  
understood? 
Block-VI-C-5. Procedure or Other Problem?--When an engineering 
drawing is not  sa t i s fac tory ,  the  problem m u s t  be i den t i f i ed  and 
d e a l t  w i t h c  A procedures problem is solved by returning the 
drawing a c t i v i t y  t o  "prepare drawing pictures or par t s  list,'* 
blocks VI C-1 and C-2. Any other problem is handled by returning 
through any gate that deals w i t h  the problem- For example: a 
structural  element concept design problem would require returning 
t o  a c t i v i t y  block V I  A-7; an adjacent  s t ructure  problem is 
investigated a t  block VI A-19; a j o i n t  problem is investigated at 
block V I  A-51; a j o i n t   s i z e  problem is considered a t  block VI A- 
5 8 :  a s t ructural  e lement  s iz ing problem is inves t iga t ed  a t  block 
VI A-66, etc. 
Block VX C-6,-Transmit Drawinqs for Review-Detail production 
drawings are transmitted to stxess, weights, materials technology 
s t a f f s ,  and manufacturing €or review. A dua l  ac t iv i ty  path is 
i n t i a t e d  here and release confirmation is prepared for 
dis t r ibut ion while  reviews are  in  progress .  
"" "~ 
Block V 1 . C - 7 .  Stress R e v i e w - - T h e  stress staff makes a f i n a l  
review of the detail design shown on the drawing t o  ensure that 
l a t e s t  loads are adequately handled. 
Block=.VI=CA-C-_ producibi l i ty  and Planninq Review--Manuf acturing 
reviews drawings prior to release for considerations similar to  
the layout phase (block VI E!-8) and, i n  addit ion,  t o  monitor 
schedule aspects. At this point, only minor revisions can be 
recommended w i t h o u t  jeopardizing release schedules on schedule 
sens i t i ve  i t e m s ,  Any discrepancies i n  t h e  design can be noted a t  
this s tage  and corrections requested- Again, qual i ty  control  
reviews t h e  drawings to v e r i f y  that design  intent  can be ve r i f i ed  
during fabricat ion and assembly operations. 
Block 5 C-9, Weiqhts Review-e weights staff makes a f i n a l  
accounting of structure weights and its a f f e c t  on aerodynamics, 
s t a b i l i t y  and control, loads and f l u t t e r ,  Stress, propulsion and 
"" ~ " - ~  
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noise ,  f l igh t  cont ro ls  and systems, and other design areas, An 
i n t e r s t a f f  da t a  base dialog alerts danger areas, 
BIock V I  C-70, Materials and Technology Reviews-"aterial and 
technology staff reviews the design for best use of materials, 
fasteners, forming techniques, finishes, and sealants a t  the  state 
of t h e  art, 
Block VI C-31- Prepare Parts Release-While reviews are i n  
progress, release information is prepared-  Engineering 
information call ing for the manufacture of a quant i ty  of a i rp lanes  
wi th  t h e  required number of d e t a i l  parts fo r  each i s  prepared for 
t he   da t a  manager to d i s t r i b u t e  when authorized. 
Block V I  C-12. Waluate  Staff  and Operations Analysis-Analyses 
made by stress, weights, and materials technology staffs and 
manufacturing are evaluated for possible  act ion.  
Block V I  C-13- Drawinqs Satisfactory?--Decide-whether or not  the  
design and drawings are sa t i s f ac to ry -  Should a design or drawing 
be inadequate, the process is to  re turn  to a c t i v i t y  block VI C-5 
and cont inue  unt i l  the  problem is cleared-  
Block VI C-14, Manaqement  Review of Drawinss--Management reviews 
drawings of design together with any pertinent reviews of staffs 
and manufacturing, 
Block VI C-15. Drawinqs Satisfactory?"When the management review 
indica tes  the drawings of the d e t a i l  design are sa t i s f ac to ry ,  t he  
da ta  is released. Should there be a questionable drawing or 
design area,  the design activity process returns t o  a c t i v i t y  block 
VI C-5 and cont inues unt i l  a solut ion to the las t  problem is 
found . 
Block VI C-16. Release Drawinqs t o  Operations--Drawings and data 
are released to operations through the data manager, and 
production begins, 
6.7  NETWORK FOR SYSTEM DETAIL DESIGN 
6 . 7 - 1  S Y S T E M  DETAIL DESIGN D E F I N I T I O N  
This section describes the  detail design process for a 
system, "he purpose is to i l l u s t r a t e  t he  pa ra l l e l i sm of design 
tasks  i n  any design area, The same three stages of detail  design 
exis ts  here  for  systems as  for structure: layout, evaluation, and 
formal  drawing  phases, (See f igures  81  through 8 5 , )  The design 
process  begins w i t h  t h e  same task, "gather (See V 
sec, 6 -5.) 
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The f u e l  system is selected as a representation system to 
give v i s i b i l i t y  to a system network- Within the fuel system are 
several major subsystems including f u e l  tank, engine f u e l  f l o w ,  
fuel  vent, refuel ing,  fuel  dump, etc- 
The engine fue l  system is chosen to demonstrate a systems 
detail  design network and show the parallelism of d e t a i l  design 
networks of structures and systems. 
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Figure 82.-Layout  Network: SDD, Level VI 
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348 
TRANSMIT 
PROPULSION 
STAFF 
ANALYSIS 
I 
PRODUClBlLlTY 
ANALYSIS 
 
6""" 
VI B 15 
PREPARE 
'/I B 16 
REQUIRED 
MOCKUP MANUFACTURE 
MOCKUP 
DRAWINGS 
MOCKUP 
SYSTEM 
INTERFACE 
INTERFACE 
ANALYSIS 
EQUIPMENT 
TUBING 
SUPPORT 
c 
NO 
L 
SIZE 
TUBING 
/ 
TUBING 
JOINTS c 
Figure 84. -Evaluation Network: System Detail Design,  Level VI  
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An a c t i v i t y  network for the de ta i l   des ign  of an  engine  fuel  
feed system follows, It assumes that level V design evaluation is 
complete and management has  committed the design t o  pro jec t  
s t a tus .  
The following information is per t inent  to t he  network: 
Network Blocks 
Act ivi ty  or Event* 
Decision 
*Any a c t i v i t y  which has a ndon connotation, (e.g-, display, 
develop, revise, etc,) includes t h e  "gather informationn network 
described i n  section 6 - 5 ,  
The blocks are iden t i f i ed  with the  Roman numeral V I  
indicat ing level VI: of the design process, The letters A, B, or C 
that  fol low indicate:  
A -  Layout  phase 
B- Evaluation  phase 
C -  Drawing phase 
Fo l lming  the  letters are sequential  numbers of the  b lock-  For 
example : 
V I  B-7 ind ica tes  level 6 deta i l  des ign  in  the  eva lua t ion  
phase at block 7 .  
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6.7-3 NETWORK ACTIVITY DESCRlP!CION 
The design layout phase begins a t  block V I  A-1- 
Block V I  A-3. Gather Information--The t a s k  is ident i f ied ,  and 
required data and processes are gathered fram that generated and 
gathered in level V, etc- (See "gather information" process, 
sec t ion  6 -5 -) 
Block V I  A-2, Display Mission Fuel Required--The mission f u e l  
requirement is a product of the propuls ion s taff  w h o  have 
progressively ref ined the fuel  requirements  through the design 
levels and now have fixed the mission fuel requirement. 
Block V I  A-3. Display Fuel Volume Available--Assuming, for this 
study, that  the fue l  is to be carr ied in an  in t eg ra l  wing f u e l  
tank, the wing volumes ava i lab le  for  f u e l  are displayed. The 
volumes are separated into individual tanks by "tank end" ribs and 
"tank end" bulkheads a t  ndry bayn areas.  The w i n g  s t ruc tures  
group coordinates with the fue l s  group i n  selecting these  
s t r u c t u r a l  tank ends- 
Block VI A-4- Fuel Tank Arranqement Concept Developed?-Do the 
wing structure design and t h e  f u e l  tank system des ign  agree i n  the 
locat ion of tank, ribs, and bulkheads dividing the  wing volume 
into desired groups of tanks for  fuel  capaci ty  and management? 
Block VI A-5- Develop Fuel Tank Arranqement--The f u e l  tank 
arrangement is designed t o  s a t i s f y   f u e l  management, f u e l  
capacities, structural weight, engiue position, etc- Coordination 
among a l l  par t ic ipat ing design discipl ines  is necessary. 
Block VI A-6-  Display Fuel Tank Arranqement--Display fue l  tank  
arrangement in sca le  de ta i l ,  a t  requi red  accuracy ,  and w i t h  
auxi l ia ry  v iws  t h a t  best describe the arrangement. 
Block VI A-7. Display Adjacent Structure--Display wing/body 
s t ructure  adjacent  t o  t ank  area. Display is t o  sca l e ,  de t a i l ,  and 
accuracy, w i t h  v i e w s  that best describe t h e  structure/tank 
arrang  emnt  - 
Block V I  A-8, Tank Arranqement and Structure  Compatible?--A 
decision is made a s  t o  whether tank arrangement (volume) and 
required s t ruc tu re  volumes and strengths are compatible.  
Block VI A-9. Revise Tank Arranqement?"When t h e  tank and 
structural arrangements are incompatible, the decision follows as 
to  whether the tank  arrangement should be revised t o  f i t  t h e   f u e l  
volumes offered by the wing structure design, or t h e  wing 
s t ructure  should be realigned t o  relocate  tank end r i b s  and f u e l  
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bulkheads, A decision to revise the tank arrangement returns t h e  
progression to  block VI A-5, 
Block V I  A-10. Revise Structue?"When the impact of changing the 
fue l   t ank  arrangement appears excessive,  the alternate decision t o  
change the s t ruc ture  is considered. 
Block V I  A.-t.I.-- . Coordinate w i t h  Structure--A  structural  change is 
made only after considerable study as to t he  e f f e c t s  
(costs/advantage, etc,) of the change. Should the progression be 
i n  this direct ion,  l 3 ~  next  s tep is block VX A-7, 
Block VI- A--32.. -Uuciliary Fuel Volume Available?--When t h e   f u e l  
tank arrangement is inadequate and the  confining structure change 
is not  to optimum configuration, a solut ion might be the use of 
s o m e  auxi l ia ry  fue l  volume, 
Block V I  A-13. C h o Q s e . A u x i l i a r y  Fuel Volume--A search for 
adequate usable  auxi l iary volume begins "gather infarmatiann sec. 
6 - 5 )  . A wing t i p  or body tank may be the  solution. 
Block V I  A-14, Revise Mission Fuel?--At level V I  t h i s  is a 
re la t ive ly  unl ike ly  ac t iv i ty .  Although f u e l  volume is short, 
refueling, a change i n  range, and/or a change i n  mission fuel  may 
provide a solution, 
B l o c k  VI A-15, Ensine Fuel F l o w  Established?--A search of the 
data base w i l l  answer this decision block. This is a propulsion 
s ta f f  respons ib i l i ty ,  since f i n a l   f u e l  f l o w  values are needed for 
l i n e  and equipment s iz ing,  
Block V I  A-16. Develop Enqine Fuel F l o w  Requirement--Gather 
information (sec- 6 . 5 )  for the data and process t o  develop engine 
f u e l  f law requirements a t  a l l  f l i g h t  conditions- 
Block V I  A-17. Display Engine Fuel Flow Requirement-Display 
engine fuel f l o w  a t  a l l  f l igh t  mndi t ions .  Disp lay  should be 
arranged to m e e t  design de ta i l  and accuracy requirements and i n  a 
manner t h a t  w i l l  be d i r e c t l y  usable by the system designer,  
Block V I  A-18, Enqine  Fuel Feed System Concept Deve loped? - -A  
search of the data  base g ives  an answer to this question, 
B l o c k  VI A-19- Develop Enqine Fuel Feed SYstem--Using engine 
loca t ion  and fuel tank arrangement,  an engine fuel feed system 
concept is developed- Impact of system  equipment (support and 
access) and l ine  pene t ra t ion  on s t ruc tu re  is coordinated with 
s t r u c t u r a l  design. B o o s t  pump locat ions are dictated by f l i g h t  
a l t i t ude ,  The most direct routing between boost pumps and 
engines, w h i l e  avoiding highly stressed s t r u c t u r a l  areas, is a 
design goal, 
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Block VI A-20. Display Enqine Fuel Feed System Arranqement” 
Display fuel feed system arrangement to  scale, accuracy, and v i e w s  
that bes t  describe the arrangement for t h e  user. 
Block V I  A-21. Enqine Fuel Feed System Plan Satisfactory?-- 
Evaluate engine fuel  feed system plan for line di rec t ion ;  pump 
location, support, and access; wing structure involvement; etc. 
Block VI A-22. Enqine Fuel System Sized for Lines and 
Equipment?-Determine line and equipment s i z e  for the engine; 
select airplane and mission; check local d a t a  f i l e ,  
Block V I  A-23, Size  Enqine Fuel System L i n e s  and Equipment” 
Gather data and  processes, (See section 6 - 5 , )  Using takeoff   fuel  
flow, l ine  length ,  hot f u e l  vapor pressure,  and equipment pressure 
drop,  the l ine and equipnent sizes are ca lcu la ted  t o  achieve a 
system pressure drop that wili allow suction feed t o  the  engines- 
m i n e  inlet pressure requirements ( m a x i m u m  a l t i t ude )  , hot  f u e l  
vapor pressure, and supply-line pressure-drop data j o i n t l y  d i c t a t e  
t h e  size of the boost pumps. 
Block V I  A-24. Display Enqine Fuel System Equipnent and Line 
and detail t h a t  the user  may use  d i rec t ly  in future design 
a c t i v i t i e s  ( i n s t a l l i n g  and support ing l ines ,  select ing equipment, 
etc.). 
- Size--Display s i z e   d a t a   c a l c u l a t e d   i n  block VI  A-23 is in a form 
Block V I  A-25. Display  Adiacent Structures--Ad jacent  s t ructure  
d e t a i l  is gathered (section 6.5)  from t h e  data base and displayed 
t o  the scale, accuracy, and view that w i l l  assist the designer in 
i n s t a l l i n g  l i n e s  and equipment. 
Block V I  A-26, Display Fuel System and Equipment--The fue l  system 
and equipment i s  displayed to a required accuracy and scale i n  any 
v i e w  o r  sec t ion  and superimposed on the s t ruc tu re   d i sp l ayed   i n  
block V I  A-25. 
Block V I  A-27. Enqine Fuel System and Structure  Compatible?-- 
R e v i e w  the superimposed d isp lays  of s t ruc tu re  and f u e l  l i n e s  and 
equipment, Is the equipanent supported adequately by s t ruc ture?  
Does the support ing of the e-pment involve a highly ,stressed 
structure; and, if so, is the structure adequately reinforced 
against reduced fatigue l ife? D o  fue l  l i nes  pene t r a t e  s t ruc tu re  
i n  low-stressed areas or are highly  stressed and penetrated areas 
adequately  reinforced? 
Block V I  A-28. Revise Fuel System?--If a f u e l  system and 
s t ructure  incompatibi l i ty  exis ts ,  the  best candidate for change 
must be selected-  A proposed s t ruc tu re  r ev i s ion  requires 
coordination w i t h  the  s t ructures  group (block VX-29), whi le  a f u e l  
system revision is within the  fuel  system design area (block V I  A- 
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?9) - To minimize redesign c o s t s ,  the interfacing groupsL 
activities must be timed so t h a t   i n t e r f a c e s  are sa t i s f ied   dur ing  
the design of each instead of a t  the completion of design, 
Block..  VI A-29,. . Cwrdinate  with  Structures?--A  decision t o  r e t a i n  
t h e   f u e l  system design a t  t h e  expense of st ructures  design 
requires coordination with the structures design group for 
solut ion - 
Block- VI. A-30.. Fuel Lines and Equipment Satisfy Pressure?--Fuel 
l i n e s  and equipment s i z e s  and t h e i r  performance c a p a b i l i t i e s   a r e  
examined, Any performance lack w i l l  require a system revision 
block V I  A-28, The act ivi ty  blocks VI A-27, -30, and -31 have 
approximately equal importance as t o  timing. 
Block- A-31- Purchase Equipment Goals Met?--Purchased equipment 
(boost pumps, valves, fuel gages,  etc.) c a p a b i l i t i e s  are examined 
f o r  compliance with specifications, 
Block VI A-32, Develop Tube Lenqths and Joints-is a c t i v i t y  
involves  pract ical  aspects of design. Installation, assembly, and 
r epa i r  problems serve as guides t o  loca t ing  jo in ts  and tubing 
length,  The mockup is a solution tool, 
Block m- A-3.3,- ~ Display Fuel System Tube and Equipment Layout--A 
graphic display In scale,  accuracy, and d e t a i l ,  w i t h  views 
required t o  describe the system, is produced, 
The layout phase is n o w  complete and the design ready for 
evaluation, 
The evaluation phase of the systems design network begins 
when the  layout  is complete, Evaluation and dialog with 
in te res ted  groups has taken place through the layout stage; 
however, a t  t h i s  t i m e  a m o r e  complete evaluation is  made. 
Block V I  B-1. RAMR Required?--When the layout  is canplete, and 
while design evaluation is going on, the design is examined for 
long-lead equipment items and materials t h a t  must be ordered early 
to be on hand t o  meet production dates and ra tes ,  The engineering 
advance material r e l ease  (EAMR) is an instrument used to transmit 
this data to the purchasing section of manufacturing- 
Block V I  B-2. Prepare EAMR"Gather the infamation required,  
select the long-lead items and materials (extruded shapes, 
forgings, forged blocks, castmgs), and prepare the release data- 
Block V I  B-3. Stress Evaluate ---If no formal drawing has been 
prepared a t  this t i m e ,  stress staff concurrence is requested for 
procurement of the materials to  be used on items released, 
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Block V I  B-4. EAMR Satisfactory?--Does the stress s t a f f  concur 
with the des igner   tha t  the E2MR is s a t i s f a c t o r y  for materials, 
etc "I 
Block V I  B-5, Project Evaluate EAMR--The project engineer 
evaluates the EAMR for content and quant i t ies ,  
Block V I  B-6.. EAMR Satisfactory?--Does the project engineer 
concur with the choice and quant i ty  of t h e  items released and w i t h  
t h e  EAMFt in general? 
Block V I  B-7- Concept or Procedure Problem--If the evaluat ion of 
the EAMR a t  blocks V I  B-4 and -6 revealed an error, the  type  of 
error determines the next s t ep ,  I f  error was procedural, the EAMK 
is returned to block VI B-2,  "prepare EAMR." If there is a design 
concept error, (e-g-, choice of material ,  extrusion shape, etc,) , 
t h e  process re turns  t o  decis ion block VI A-28, 
Block V I  B-8. Transmit for Review--Layouts are transmitted for 
review by propulsion staff, manufacturing, weights staff, 
materials technology staff, and structures interfacing groups.  
This is t h e  first semiformal review; however, dialog has occurred 
throughout the layout stage between the  des igner  and  these  s ta f fs ,  
Block VI B-9-  Propulsion Staff  Analysis--The propulsion s t a f f  
analyzes the design for assurance t h a t  it fulfills all of the 
requirements established (e.g-, fue l  f l o w ,  fue l  capac i ty ,  fue l  
expansion, fuel tank volumes) f o r  f u e l  management, l i n e  s i z i n g ,  
equipment s iz ing ,  valve loca t ion ,  sump locat ion,  etc, 
Block VI: B-IO, Producib i l i ty  Analysis--The product manufacture 
department r e v i e w s  the layout  for producibi l i ty  involving the 
procurement of material and equipment and the production assembly 
and i n s t a l l a t i o n  of par t s  and equipment, as w e l l  as f o r  
access ib i l i ty   for   main tenance  .
Block V I  B . 1 1 -  Weiqhts Analysis--The weights staff evaluation 
includes updating weight and balance ca lcu la t ions ,  checking 
loadabi l i ty  goals, reviewing fuel management versus tank 
arrangement, evaluating design weights versus target weights, etc, 
Block VI B-12 ,  Materials Technical Unit-Evaluate materials, 
standards, and equipnent used from a cost, installation, 
r e l i a b i l i t y ,  and state-of-the-art viewpoint- 
Block V I  B-13. Structures 1nterface"Interfacing structures 
review the design layout  for  impact on s t ruc tu re  a s  to fa t igue  
l i f e ,  a c c e s s i b i l i t y ,  etc- 
Block V I  B-14, Mockup Required?--The decis ion is made a s  t o  
whether a mockup or portion ot the system is required t o  provide a 
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fu r the r  des ign  v i s ib i l i t y  check. Boost pump locat ian and 
i n s t a l l a t i o n  and f u e l   l i n e s   i n s t a l l a t i o n  are typical  candidates  
for mockup, 
Block V I  B-15- Prepare and-Release Mockup Drawinss--When it is 
decided t o  build a kckup, drawings are prepared and furnished t o  
the mockup shops t o  f a c i l i t a t e  f a b r i c a t i o n ,  This data  is often 
the  layout  drawing i t s e l f  w i t h  some supplementary information 
prepared expressly for the mockup or frm interfacing design 
group s design  layouts. 
Block V I  B-16, Manufac-turinq Mockup System-This is  a 
manufacturing-activity- A n  engineer is assigned the t a s k  of 
coordinating all mockup d i rec t ion  and feedback between the 
manufacturing mockup shop and engineering design groups, 
Block V I  B-17. Evaluate Analysis--Analyses made by the staffs and 
groups are evaluated- These analyses cal l  fo r  t he  nex t  ac t iv i ty  
decision  block, 
Block V I  B-18, System Satisfactory?--After weighing t h e  analyses 
of a l l   i n p u t s  for t h e  design,  the decis ion is made whether t o  
prepare formal drawings of the design or t o  revise the design and 
layouts,  when t h e  l a t t e r  is recommended  by the analyses. The 
progression for system redesign is to  r e tu rn  to  block V I  A-19 
(develop engine fuel feed system) and proceed to  redesign the 
par t icu lar  a rea  of questionable design. 
Drawing preparation begins a t t e r  l a y o u t  is completeu t o  t h e  
sa t i s f ac t ion  of a l l  involved. 
Block VI C-1-  Prepare Drawinq Picture Sheet”The drawing is 
prepared on a su i t ab le  m e d i u m  to the indicated scale and accuracy 
level- V i e w s  a r e  developed and shown t o  completely describe the 
system and its i n s t a l l a t i o n  for a l l  the users (engineering, 
manufacturing, inspection. customer, service support, etc-) - 
Block V I  C-2. Prepare L i s t  of Materials-The list of materials,  
s o m e t i m e s  c a l l ed  pa r t s  list, is an integral part of t h e  drawing 
event. though on large drawings it may be a separate  sheet or 
book. The p a r t s  list contains a l l  information (other than the 
p ic ture  itself) required to build, assemble, and/or i n s t a l l  the 
part-  This information includes ident i f icat ion,  material, heat  
treatment, protective finish,  color,  part  usage, etc- The IPAD 
environment w i l l  use the engineering data s y s t e m ,  which w i l l  
compose, contain,  and d i s t r i b u t e   p a r t s  list information through a 
data  base manager- (See sect ion 5-3-4,) 
Block V I  C-3. Evaluate Enqineerinq Drawinq--After the required 
data   has  been gathered, the engineering drawing is evaluated for 
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conformance to  the design objective,  design layout,  and a l l  
procedural  requirements - 
B l o c k  V I  C-4. Drawincrs Satisfactory?--!Chis decision block follows 
the drawing evaluat ion,  I f  the drawing is sa t i s f ac to ry  the  
act ivi ty  proceeds along a dual  path. D r a w i n g s  are evaluated w h i l e  
design release authorizat ion is prepared, If the f i n a l  drawing of 
t h e  design is not  sa t i s fac tory ,  the reason is determined i n  
a c t i v i t y  block V I  C-IS and the progress continues from there. 
Block VI C-5. Transmit  Drawinqs for Review--The completed drawing 
is submitted for f ina l  formal  rev iew for  the areas  and subjects  
involved. This r e v i e w  is similar  t o  the review i n  block V I  B-8 
but t o  a greater depth w i t h  completed background data-  The data  
used in   eva lua t ion   a t   b lock  V I  B-8 w a s  the current data a t  that 
time - 
Block VI C-6,  Propulsion Staff Analysis--me propulsion staff  
analyzes the design for  assurance t h a t  it f u l f i l l s   a l l  of the 
established requirements, (See block V I  B-9 description) - 
Block V I  C-7. Producibi l i ty  Analysis--The production department 
reviews the f ina l  des ign  for producibil i ty.  (See block V I  B-10 - )  
Block V I  C-8, Weishts Analysis--Weights u n i t  reviews t h e  f i n a l  
design for conformance t o  final updated weights data design 
objectives, etc,, and makes recommendations as required- (See 
block VI B-11-) 
Block VI C-9, Material Technoloqy Review--The mater ia ls  
technology r e v i e w s  the design and drawings for conformity t o  
la tes t s  s ta te -of - the-ar t  mater ia l s  and process- (See Block V I  B- 
12 c) 
Block V I  C-10. Structures  Interface--The interfacing s t ructures  
group conducts a f i n a l  review for interfacing design problems t h a t  
may come t o  l i g h t  during formal drawing preparation. 
Block V I  (2-11. Prepare Release Order--While the f ina l  formal  
design drawings are being analyzed by supporting groups, release 
data  is prepared for the data  manager- The design, which may 
include several drawings, is packaged for des ign management 
approval 
Block V I  C-12- Evaluate Analysis--The analysis of each of the 
interfacing act ivi ty  groups or staffs is evaluated. The ove ra l l  
e f f e c t  on the airplane,  i ts  service l i f e ,  and i ts  a b i l i t y  t o  
perform the mission are considered. Some comments may require  a 
design revision; some are considered but not accommodated, 
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Block VI C-13. Drawinqs Satisfactory?--If the design, drawings, 
and da ta  describing the   des ign  are satisfactory, the drawings 
proceed t o  design management for   f ina l   approval  and release 
through  the  data manager. 
B l o c k  V I  C-?4, Manaqement  Approval-When the drawings and design 
are declared satisf acto-, they a x e  approved by management and 
distributed t o  the user by a data manager. The progression is to 
level V I 1  (product manufacture) . 
Block V I  C-15. Procedure or Other Error?--Any f ina l  des ign  
drawing found unsa t i s fac tory  may violate one or several design 
objectiws. A procedural error i n  drawing preparation w i l l  
r equi re  a drawing revision and the  progression is to block VI C-1, 
If the problem is more se r ious  (that of a design deficiency i n  
some area) the progression is back to block V I  A-19 for  redesign- 
6 -8  SUSTAINING DESIGN 
This sect ion deals  w i t h  the design support required to 
sus ta in  the product during i ts  production, testing, and service 
l i fe  w h e r e  problems continually  occur - 
Design a c t i v i t i e s  for follow-on models,  g r o w t h  models, etc,, 
are not considered here a s  sustaining design but rather as new 
design even i f  much of the previous design is still used, In  
these cases where major  design act ivi ty  is required for  certain 
product areas, a l l  of the design process levels may be involved a s  
described in  sec t ions  6 . 2  through 6 . 3 -  
D e t a i l  design and sustaining design involve ident ical  
a c t i v i t i e s  and differ only in the i n i t i a t o r  and timing of the 
act ion,  D e t a i l  design  ( level V I )  follows sequen t i a l ly  a f t e r  
preliminary design (level V ) ,  while sustaining design occurs 
anywhere during the time span from the release of detail  design t o  
product ion unt i l  t h e  last production item is no longer i n  use by 
the customer - 
During product manufacture (level VII) , even though 
considerable dialog between engineering and production has taken 
place pr ior  to design completion, production problems and other  
reasons for design change become apparent and r e s u l t   i n   r e q u e s t s  
f o r  changes t o  drawing data and design. Product manufacturing 
a c t i v i t i e s  (planning, material procurement, tool design, and p a r t  
manufacture) i n i t i a t e  s u s t a i n i n g  design activities with requests 
for: correction of data errors; correct ion of design errors 
involving f i t  and function of parts: changes to  simplify parts and 
t h e i r  manufacture: consolidation of several parts i n t o  one for 
assembly economics; separat ion of assembly parts for ease of 
i n s t a l l a t ion ;  r e loca t ion  of system and s t r u c t u r a l  joints to  
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faci l i ta te  manufactur ing m e t h a d s ;  and minor changes i n  parts for 
u t i l i z a t i o n  of exis t ing mater ia ls ,  tools, or production methods, 
etc. (See f igu res  37, 38, 39, 6 0 ,  6 1 ,  and 62,) 
During product verification (level VIII) , sustaining design 
involves  correct ing any design or product ion def ic iencies  that  may 
exist  when structural, f l i g h t ,  and/or  funct ional  tes t ing are 
performed, (See f igures  37 through 40 and figures 60 through 63.) 
Sustaining design during the service l i f e  of the product 
fproduct support, level IX) involves accommodating all of the  
surpr i ses  tha t  the customer  can  produce.  (Anticipated  problems 
have been covered i n  service bu l l e t in s  and maintenance manuals,) 
Sustaining design problems may lnvolve such a r e a s   a s  equipment, 
systems, spares, and s t ructure .  The problems within those areas 
may be any one or a combination of fatigue,  corrosion, w e a r ,  
rework, appearance, maintenance, access for maintenance and 
inspection, misuse, accidents, part performance, airplane 
performance, and operating procedures- (See f igu res  37 through 41 
and f igu res  60 through 64 ,I  
Sustaining design is a l so  in i t i a t ed  wi th in  t h e  design area 
i t s e l f ,  These are changes to accommodate t h e  state of the art, 
cost savings, weight savings, and performance improvements, 
Sustaining design of t h i s  character is introduced a t  any 
convenient point i n  a product series, depending on the product 
usage and ant ic ipated impact on t h e  product  qual i ty ,  funct ion,  or  
cost  I 
The scope and sever i ty  of any problem or deficiency w i l l  
determine the design levels involved in  sustaining. Most 
sus t a in ing  des ign  ac t iv i t i e s  are introduced at t h e  detail  design 
level V I ,  (See f igures  37 and 60.) When a problem appears, the 
ngather information" process (sec, 6.5) i n i t i a t e s  t h e  sustaining 
ac t iv i ty ,  
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7 - 0  TECHNICAL PROGRAM ELEMENTS 
I n  1973 a survey w a s  conducted within an aircraft 
manufacturing company to ident i fy  the typical technica l  code 
required to  support the IPAp design networks of section 6-0. .  (The 
timing and depth of t h i s  study did   no t  permit extending this 
technical  code survey outs ide  of this company or updatiug a t  this 
t i m e . )  The purpose of t h i s  survey w a s  to ident i fy  ex is t ing  code 
suitable for incorporation into IPAD and t o   i d e n t i f y  the areas 
where suitable code does not exist, A catalog of 304 items 
denoted technical program elements (TPE) collected by t h e  team was 
presented in volume V of the IPAD feas ib i l i ty  s tudy .  Due to  the 
volume and age of the data ,  this compilation w i l l  not be 
reproduced here- (See Wolume V: Catalog of IPAD Technical 
Program Elements- D6-60181-5, dated September 21 ,  3973,) 
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8.0 CONCLUSIONS 
Task ? -  1 di rec ted  the review and updating of the f e a s i b i l i t y  
study design process and the development of supplemental networks 
for detai l /sustaining design.. 
The design process has been reviewed and updated, and 
supplemental networks of detai l /sustaining design are developed 
for both a structure and a system, Detai l  and sustaining design 
d i f f e r  on ly  in  the timing of the activity. .  
During the update and the new development two premises 
surf aced: 
The design processes  for  a structure (section 6 - 6 )  and for a 
system (section 6 -7) are a l i k e .  
The process of gather ing infomation ( s e e i o n  6 - 5 )  is invoked 
whenever there is a t a sk  or subtask t o  be performed. 
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APPENDIX 
SI-U.S. CONVERSION  TABLE 
METRIC TABLES 
LENGTH 
Myriameter . 10.000 meters.  6.2137 miles. Meter. . . . .  1 meter. . . . .  39.37 inches. 
Kilometer . . 1,000 meters. . 0.62137  mile. 
Centimeter. . 0.01 meter. . .  0.3937 inch. Hectometer .. 100 meters. . .  328 feet 1 inch. . .  . . .  Decimeter 0.1 meter. 3.937 inches. 
Dekameter. . 10 meters . . .  393.7 inches. Millimeter . . 0.001 meter . . 0.0394 inch. 
~ ~~ 
~~ 
AREA 
-. . .  - - .. " - 
Hectare. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.000 square meters. . . .  2.471 acres. 
Centiare  1 square meter. 1,550  square inches. 
Are 100 square meters. 119.6 square yards. 
WEIGHT 
~~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  ~ _ _ _  ~ ~ _ _  ~~~ ~~ ~~~ 
~~~ 
Number of Volume corr sponding  Avoirdupois 
Name grams to  weight 
~ ~~ ~ ~ ~ 
weight 
Metric  ton, millier  or  tonneau. . . . . . . . . .  1.000.000 . . . . .  
Ouintal. 100,000 
1  cubic  meter 2.204.6 pounds. 
Myriagram. 10,000 
1 hectoliter 220.46 pounds. 
Kilogram or kilo. 1,000 
1 dekaliter. 22.046 pounds. 
1 liter. 2.2046  pounds. 
Dekagram 
1  deciliter  3.5274 ounces. 
. . . . . . . . . . . . . . . . . . . . .  10 
Gram. . . . . . . . . . . . . . . . . . . . . . . .  1 
10 cubic  centimeters . 0.3527 ounces. 
1 cubic centimeter . . 15.432 grains. 
Decigram. . . . . . . . . . . . . . . . . . . . . .  .1 0.1 cubic  centimeter . 1.5432 grains. 
Centigram 
Milligram. 
10 cubic millimeters . 0,1543 grajn. 
. . . . . . . . . . . . . . . . . . . . .  . . . . . .  
. . . . . . . . . . . . . . . . . . . .  . . . . . .  
. . . . . . . . . . . . . . . . .  . . . . . . . . .  
Hectogram. . . . . . . . . . . . . . . . . . . . .  100 . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  .01 
,001 . . . . . . . . . . . . . . . . . . . . .  1 cubic  millimeter. . .  0,0154  grain. 
- " - ~ ~ 
CAPACITY 
~ ~ " 
Name Number  of  Metric  c biliters 
United States British measure 
measure  measure 
Kiloliter  or stere. . 1,000 1 cubic  meter . . . . . .  1.308  cubic  yards. . . . . .  1,308  cubic yards. 
Hectoliter . . . . .  100 0.1 cubic  meter . . . . .  2.838 bushels; 26.417 gal- 2.75 bushels; 22.00 gal- 
Dekaliter.  10 10 cubic  de imeters.  1.135 pecks; 2.641  7 gal- 8.80 quarts;  2.200 gal- 
Liter . . . . . . . .  1 1 cubic  decimeter. . . .  0.908  dry  quart;  1.0567 0.880 quart. 
Deciliter . . . . . .  .1 0.1 cubic  de ime-  6.1023  cubic inches;  0.845 0.704 gill. 
Centiliter. . . . . .  .01 10  cubic  centime-  0.6102  cubic  inch: 0.338  0.352  fluid ounce. 
lons. Ions. 
Ions. Ions. 
liquid quarts. 
gill. 
. . . . .  . . .  
ter. 
Milliliter 
ters. 
.001 1 cubic  centimeter 0.061 cu6ic  inch; 0.271 0.284 fluid dram. 
fluid ounce. 
fluid dram. 
. . .  
~ ~~~ 
COMMON  MEASURES  AND  THEIR  METRIC  EQUIVALENTS 
~~ . . 
Common measure Equivalent Common measure Equivalent 
-~ ~ 
Inch. . . . . . . . . . . . . . .  2.54 centimeters. 
. . . . . . . .  Foot 
Dry quart, United States. . .  1.101 liters. 
Yard  0.9144  meter. 
. . . . . . . . . . . . . .  0.3048 meter. Quart,  imperi l  1.136  liters  
. . . . . . . . . . . . . .  Gallon, United States. . . . .  3.785 liters. 
Rod. . . . . . . . . . . . . . .  5.029 meters. Gallon, imperial. . . . . . . .  4.546 liters. 
Square inch  6.452 square centimeters. Peck, imperial  9.092  lit rs.
Mile.  1.6093  kilometers. Peck, United  States. 8.810 liters. 
Square foot . . . . . . . . . .  0,0929 square meter. . . . .  
Square yard  0.836 square meter. 
Bushel, United States.  35.24 liters. 
. . . . . . . . . .  Bushel. imperial. . . . . . . .  36.37 liters. 
Square rod. . . . . . . . . . .  25.29 square meters. Ounce, avoirdupois . . . . . .  28.35 grams. 
Acre . . . . . . . . . . . . . .  0.4047 hectare. . . . . . .  
Square mile . . . . . . . . . .  259 hectares. Ton, long. . . . . . . . . . . .  1.0160 metric tons. 
Pound, avoirdupois  0.4536  kilogram. 
Cubic inch . . . . . . . . . . .  16.39  cubic Centimeters. . . . . . . . . . . .  
Cubic foot  0.0283  c meter  
Ton, shon 0.9072  metric  ton  
Cubic yard.  0.7646  cubic  meter.
Grain.  0.0648 gram. 
Cord 3.625 steres. 
Ounce. troy 31.103 grams. 
Liquid  quart,  United States . 0.9463  liter. 
. . . . . . . . . . . . . .  . . . . .  
. . . . . . . . . .  . . . . . . . . .  
. . . . . . . . . . .  . . . . . . . . . . . . .  
. . . . . . . . . .  . . . . . . . . . .  
. . . . . . . . . . . . . .  Pound, troy . . . . . . . . . .  0.3732 kilogram. 
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